








TEACHING WITH A 


FECKER 


15” CASSEGRAIN 





e This telescope, with its 
accessories, provides just 
about everything that can be de- 
sired for use in a program of in- 
struction in astronomy. 

The aperture is optimum for 
visual lunar and planetary ob- 
servation in ordinary climatic 
conditions; and the Cassegrain 
form provides, in a relatively 
small tube length, the long effec- 
tive focal length necessary for a 
reasonable planetary image size. 

The moon can be viewed or 
photographed in great detail. 
The catadioptric guiding tele- 
scope also provides the long 
focal length required for photo- 
graphic exposures of more than 
a few seconds duration. For wide 
angle photography of comets 
and star fields the short focus 
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astrograph is available. 

With the spectroscope, prime 
differences in stars can be 
glimpsed, while a large number 
of investigations can be under- 
taken with a photograph ob- 
tained with the spectrograph 
added to the telescope. 

With the photometer in con- 
junction with the telescope many 
useful studies of stars of varying 
brightness can be undertaken. 

Surely a student who has ac- 
cess to such equipment would 
acquire the “feel” of how it is 
that the astronomer can learn 
such a wealth of facts from the 
thin threads of light that arrive 
on earth from the distant stars. 

The mounting and mechanical 


equipment make for “yQ® 
and accurate observations. 


This versatile 15-inch Cassegrain telescope was designed 
and built by Fecker for Queens University in Kingston, 
Ontario, Canada. Requirements were for a telescope for 
student instruction, visual use and wide field photography. 
ACCESSORIES: 3-inch astrograph, photometer, spectrograph, 
spectroscope, 6-inch catadioptric guide scope for photo 
work, and lunar and planetary camera. FEATURES: Fork 
mounting, motor driven electric clamps, polar and right as- 
cension circles, sidereal drive and manual slow motions, 

For more information about this scope or other telescopes 
to meet your specific needs, write 


j-w. fecker 


division of AMERICAN OPTICAL CO. 
6592 HAMILTON AVENUE 
PITTSBURGH 6, PENNSYLVANIA 
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LETTERS 
Sie 
In my article “Radio Astronomy Re- 
ceivers — II,” on page 88 of the December, 
1959, issue, it is stated that N. Bloember- 
gen first proposed the possibility of maser 
action in solid substances. Actually, this 
was first advanced and proven possible 
by J. Combrisson, A. Honig, and C. H. 
‘Townes (Comptes Rendus, 242, 2451, 
1956). Bloembergen’s contribution was to 
suggest a convenient way to achieve con- 
tinuous amplification, employing three 
energy levels, which is the method gen- 
erally used at present. 
FRANK D. DRAKE 
National Radio Astronomy Observatory 
Green Bank, W. Va. 


Sir: 

For about four years I have been sys- 
tematically searching for variable stars, 
particularly in the Orion nebula. A pho- 
tograph of one of my discoveries of a flare 
star was published on page 613 of the Sep- 
tember, 1959, Sky AND TELESCOPE. 

I am an amateur astronomer, and my 
work has been done under the supervision 
of L. Rosino, director of Padua and Asiago 
Observatories. My discovery, however, was 
not made at Padua but at my own observ- 
atory in Bologna, where I have 6-, 8-, and 
12-inch reflectors, and a 4-inch photo- 
graphic refractor. 

I would be pleased to contact other 
amateurs who might be interested in co- 
operating in this field of research. 

U. DALL’OLMO 

Osservatorio Astronomico Privato 
Piazza di Porta Castiglione 10 
Bologna 317, Italy 


Sir: 

The News Note on page 147 of the 
January issue states that there was no 
sudden enhancement of atmospherics at 
the time of the flare pictured, on Sep- 
tember 1, 1959. 

Actually, definite SEA’s were recorded 
at two of our official stations, operated 
by David Warshaw, Brooklyn, New York, 
and by C. H. Hossfield, Ramsey, New 
Jersey. The first started at 19:30 Univer- 
sal time and reached maximum at 19:42; 
its ending was extremely gradual and in- 
distinct. A second started at 20:12, 
reached maximum at 20:26, and ended at 
21:02. This one was more prominent 
than the first. 

The Solar Division’s SEA patrol works 
with the National Bureau of Standards 
for the International Geophysical Co- 
operation (IGC-59), under a grant from 
the National Science Foundation. 

HARRY L. BONDY 
Solar Division, AAVSO 
61-30 157th St. 
Flushing 67, N. Y. 
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Reminiscences of the Discovery 


CiypE W. ToMBAUGH, New Mexico State University Research Center 


HIS YEAR marks the 30th anniver- 
in of the finding of Pluto, farthet- 
most planet in the solar system. Yet 
for those who were at Lowell Observatory 
then, the impressions remain so vivid that 
it seems only yesterday. A number of 
people shared the many years of effort 
that led to this achievement. I came upon 
the scene on the eve of fruition of the 
enterprise 
Interest in the planet Mars first brought 
me to Lowell Director V. 
M. Slipher’s invitation also mentioned 
photographic observing, and asked, “Are 
you in good physical health?” Only afte 


arriving at Flagstaff did I realize that I 


Observatory. 


was to join in the search for a new 
planet, and what it is like to work all 
night long in an unheated dome in win- 
ter at 7,000 feet altitude. 

The discovery of a principal planet is 
not a frequent occurrence. Uranus was 
March 13, 1781, by William 


Herschel as an unexpected by-product of 


detected on 


visual search for double 


Its small disk caught 


his svstematk 
stars and nebulae. 





his attention, but Herschel thought he 
had found a tailless comet. Nearly a year 
elapsed before orbit calculations by A. J. 
Lexell showed that the new object must 
be a planet. Uranus is just visible to the 
naked eye; and observers with telescopes 
had mistaken it for a star no less than 20 
times in the century before Herschel’s dis- 
covery. The possibility of other planets 
beyond Saturn seems to have occurred to 
few if any astronomers in those times. 
The story of the finding of Neptune in 
1846 is well known. Difficulties in calcu- 
lating the orbit of Uranus led to a wide- 
spread suspicion that its motion was dis- 
turbed by the attraction of an unknown 
planet. J. C. Adams in England and U. J. 
J. Leverrier in independently 
studied the perturbations of Uranus, and 


France 


deduced the orbit, mass, and approximate 
position in the sky of the new planet. 
From this information, Neptune was 
promptly recognized by J. G. Galle with 
the 9-inch refractor of Berlin Observatory. 

his was another delayed discovery, for 


while compiling his great star catalogue, 


The 13-inch Lowell refractor is carried on a two-pier equatorial mounting that 

is especially suitable for planet hunting, as it permits long-exposure photographs 

of regions near the meridian. The 7-inch guide telescope is mounted above the 

large main tube, while the 5-inch Cogshall camera is below it. The cylindrical 

dome has wooden walls. At present, all fields surveyed in the Pluto search are 

being rephotographed with this same telescope, in order to discover stars with 
large proper motions. Lowell Observatory photograph. 
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Percival Lowell (1855-1916) predicted 

mathematically the existence of a 

trans-Neptunian planet, and initiated 

the search that led to the discovery of 

Pluto in 1930. He was most famous 
for his studies of Mars. 


Histoire Céleste, the Paris astronomer J. 
J. Lalande had observed Neptune on May 
8 and 10, 1795. He noticed that the two 
positions did not agree, but discarded the 
first one as erroneous! He could not have 
had a better clue, yet 50 years were to 
elapse before the planet was seen again. 

After Neptune’s discovery, the problem 
of finding more remote planets became 
far more difficult. Perturbations of Nep- 
tune could not at first be used as a basis 
for prediction, since that planet had been 
observed over only a small part of its 
165-year orbit. Instead, the starting point 
was the very small discrepancies between 
the observed and predicted motion of 
Uranus, after the perturbations by all 
known planets had been taken into ac- 
count. 

The most thorough treatment of this 
difficult. mathematical problem was_ by 
Percival Lowell, the founder of Lowell 
Observatory. He predicted the approxi- 
mate area of the sky in which to search 
for a hypothetical planet X. ‘To account 
for the unexplained small perturbations 
of Uranus, he assigned a mass of seven 
earths and a mean distance of 43 astro- 
nomical units to the unknown object. If 
it were of low density and high reflecting 
power, like Jupiter and the other giant 











planets, its apparent magnitude should 
have been about 12 or 13. 

The observational problem thus  pro- 
posed by Lowell was formidable, for the 
unknown planet could only be a faint, 
slow-moving body that would have to be 
singled out from hundreds of thousands 
of stars. No longer could one expect to 
recognize a new planet by visually check- 
ing a small sky field containing a few 
hundred stars. 

Photography obviously provided the 
only efficient search technique. But at 
the beginning of the 20th century, photo- 
graphic emulsions were less sensitive and 
less reliable than they are today, while 
modern, fast, wide-field sky cameras did 
not exist. Lowell Observatory began a 
systematic photographic search in 1905, 
with a 5-inch Brashear lens of 35 inches 
focal length. Each sky area was photo- 
graphed twice, with exposures of about 
three hours in order to reach 16th mag- 
nitude. ‘The plate centers were spaced 
about five degrees apart along the central 
plane of the solar system. 

This intensive search from 1905 to 1907 
was unsuccessful. At that time, Pluto it- 
self was many degrees from the ecliptic, 
and thus outside the belt covered by the 
plates taken with the 5-inch camera. 
Pluto was also farther from the sun and 
hence fainter than when finally discovered 
in 1930; it was about magnitude 16.0, at 
the very limit of the 5-inch plates. At 
first, Lowell examined pairs of plates in 
physical superposition, using a hand mag- 
nifier. Later, he obtained a Zeiss blink 
microscope, which greatly increased the 
speed and thoroughness of comparing the 
plate pairs. 

Next, an extensive series of photo- 
graphs was made with the observatory’s 
42-inch reflector. Exposures of only a few 
minutes reached the 17th magnitude, but 
optical coma limited the telescope’s useful 
field to about one degree, so a great num- 
ber of plates had to be taken to cover the 
search area. 

The hunt was continued from 1914 to 
1916 by Lowell and C. O. Lampland, 
with a 9-inch Brashear lens borrowed 
from Sproul Observatory. Although this 
attempt did not result in the discovery of 
Pluto, it was later found that the plates 
actually contained weak images of the 








The Zeiss blink microscope used by the author. The worker looks through the 

eyepiece (center) at rapidly alternating views of the same star field on the two 

photographic plates. Any image that has moved with respect to its neighbors 

appears to jump back and forth. Two handles shift the pair of plates to bring 
the next field under scrutiny. Lowell Observatory photograph. 


planet. Lowell’s untimely death in 1916 
caused a break of several years in the 
trans-Neptunian planet search program. 

Meanwhile, in 1919 at Harvard Ob- 
servatory, W. H. Pickering concluded a 
theoretical study of the motion of Nep- 
tune, from which he also predicted the 
existence of a planet beyond it, of about 
magnitude 15. At his request, the Mount 
Wilson Observatory’s 10-inch Cooke re- 
fractor was used to take several plates 
of the predicted region. Faint images of 
Pluto were recorded on these plates, but 
were not recognized until after the dis- 
covery at Flagstaff. 

By this time many astronomers were 
pessimistic about the likelihood of dis- 
covering more planets. Nevertheless, at 


Left: V. M. Slipher, di- 
rector of Lowell Ob- 
servatory during the 
final search for planet 
X. To his right is his 
brother, E. C. Slipher, 
famed for observing 
Mars and other planets. 
Photo by Clyde Fisher. 


Right: C. O. Lampland 
shared with Percival 
Lowell the 1914-16 trans- 
Neptunian search. Here 
he holds a device for 
measuring planetary sur- 
face temperatures. Photo 
by Jerry McLain. 


Lowell Observatory the search was pressed 
by V. M. and E. C. Slipher and Lamp- 
land. To provide a more efficient instru- 
ment for the purpose, the 13-inch Law- 
rence Lowell photographic refractor was 
built, becoming ready for use by March, 
1929. It had a 7-inch guide telescope. 
In January of that year, I joined the 
Lowell Observatory staff. The 13-inch 
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from Car] 


mounting 


objective had not yet arrived 


Lundin, but the dome and 


were nearly ready. I remember the en- 


thusiasm of the staff members the day we 
opened the box and viewed this beautiful 
lens cell. It had 
planned that the new telescope would 
take 11-by-I4-inch plates, but with spe 


cial plateholders that bent the plates to 


mounted in its been 


focal-surface curvature, it be 
came practical to use the 14-by-17-inch 
‘The focal length of the instrument 


match the 


size. 
was 66 inches, giving a plate scale of 30 
millimeters per degree. 

Many precautions were needed to in 
sure that the plates of each pair would 
be accurately matched for thorough ex- 
amination in the blink microscope. The 
outer portions of the field required con- 
stant focal curvature from plate to plate, 
and for this a special testing table was 
constructed. The limiting magnitude of 
the two photographs in a pair had to be 
closely the same. 

When the observing schedule became 
crowded, I was obliged to use some clear 
Though under 
Star 


nights with bad seeing. 


conditions the smallest 


favorable 
images were four seconds of are in di- 
ameter, bad seeing made them soft and 
enlarged. Such a plate could not be 
blinked with another made under steadier 
seeing, so the second one had to be taken 
under similar conditions a few nights 
later. 

The standard exposure was one hour, 
but in poor seeing this had to be in 
creased by 15 to 30 minutes, in order to 
retrieve the loss in stellar magnitude of 
the expanded images. In addition, it was 
necessary to make the duplicate plates at 
about the same hour angle; otherwise, 
differential refraction would displace star 
images for areas of the plate several de- 
grees from the guide star. 

The long exposures with a lens as fast 
as £{/5.2 caused some background fogging 
of the plate from the light of the sky, 
even on dark nights. Fortunately, bright 
auroras are rare at Flagstaff, but even a 
above the horizon could 
Each month, then, a 


moon 
tolerated. 


crescent 
not be 





Clyde Tombaugh in 1931, a year after 
the discovery of Pluto, looking into 
the eyepiece of the 13-inch photo- 

graphic refractor’s guide telescope. 
week on either side of new moon was 
used in making exposures at the telescope. 
The period from first-quarter moon to 
last quarter was spent in blinking the 
plates obtained during the previous two 
weeks. 

Another precaution was of paramount 
importance. As the earth revolves around 
the sun, it passes each exterior planet and 
causes the latter for a time to appear to 
move westward in the sky. ‘This retro- 
depends on the distance, 
being greatest for nearby planets, such as 
Mars 
for objects as far 


gression arc 


asteroids, and small] 


away as Neptune or 


and the very 
beyond. 

Ihe change in direction from east- 
ward to westward motion occurs at a Sta- 
tionary point, reached some time before 
opposition to the after op- 
position there is a stationary 
point. While going through its stationary 
points, even an asteroid seems to move so 
slowly that for about a week it may simu- 
late the apparent motion of a very distant 


sun, and 


second 


planet. 


Near opposition, however, a_ typical 





Small parts of the plates that were blinked by the author on February 18, 1930, 

showing the discovery positions of Pluto, marked by the arrows. Note the mo- 

tion of the planet between January 23 (right) and January 29, 1930. Lowell 
Observatory photographs. 
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asteroid is in rapid westward apparent 
motion, and can readily be distinguished 
from a trans-Neptunian planet. These 
considerations limited the strip of sky to 
be searched each dark-moon period to a 
30-degree extent in celestial longitude. 
By adhering closely to the opposition 
point, the daily angular shift of each 
planet suspect served as a quick index of 
its distance, since most of the apparent 
retrograde motion was the reflex of the 
cearth’s orbital movement. 
Mounted on the 13-inch 
tube was a 5-inch Cooke camera of about 
22-inch focal length, loaned by W. A. 
Cogshall. Its plate scale was one cen- 
timeter per degree. When the 13-inch 
was in use, an exposure was made simul- 


telescope’s 


taneously with the 5-inch camera, afford- 
ing a valuable check on suspicious objects 
brighter than magnitude 16.0 on the 13- 
inch plate. 

By April, 1929, the actual observations 
began, with the first preliminary photo- 
graphs being taken of the Gemini region, 
then sinking into the western sky. Al- 
though far from the opposition part of 
the heavens, it was the area favored by 
Lowell to contain his planet X. As regions 
farther cast were observed, it became 
evident that most of the planet suspects 
were within one magnitude of the 13- 
inch limit and beyond the help of the 
j-inch. Therefore, the practice was 
adopted of taking three good plates per 
center within a few nights of each other 
(preferably all three in a week). The 
two best-matching plates were compared 
in the blink microscope, and the third 
was available as an immediate check on 
any suspected moving object. 

This procedure made it practical to 
push a thorough search well into the 
17th magnitude. Chance aggregations of 
silver grains near the plate limit gave 
rise to thousands of planet suspects over 
the years. Each had to be checked, for 
the risk could not be taken of letting the 
long-sought planet slip by. Many sus- 
picious images turned out to be faint 
variable stars whose minima were fainter 
than the plate limit. 

That summer several astronomers pass- 
ing through Flagstaff were shown the 
13-inch telescope and informed of its 
search program. One of them said frankly 
that looking for trans-Neptunian planets 
was a waste of time and effort, since so 
much prior work had been without suc- 
cess. But we knew that the 13-inch was 
the best-suited instrument yet brought to 
bear on the problem. 

During the dark of the moon, 10 to 
15 hours of observing and darkroom work 
were required daily to run two search 
strips parallel to the ecliptic concurrently. 
Adhering strictly to the opposition regions 
eliminated the asteroid problem entirely, 
for every minor planet exhibited a definite 
trail during the hour exposure, and was 
displaced about seven millimeters per 
day. 
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Part of a Pluto discovery plate. This region near Delta Geminorum (the bright star inside a halation ring) has been en- 
larged three times from the original negative taken with the 13-inch telescope on January 29, 1930. Pluto is between the 


two short vertical lines. One of the small pictures on the facing page is from this plate. 


\s the autumn of 1929 came, the 
fected technique of observing and blink 
examination had into routine. 
When the plates were well matched and 
reasonably clean of spurious images, I 
Oo! hours of 
Pisces and 


pé a 


settled 


could carry out six seven 
actual blinking each day. In 
\ries, each plate recorded some 50,000 
stars, and a pair could be examined in 
three days. These plates were a delight 
to scan, with hundreds of images of beau- 
tiful spiral galaxies. 

Ihe number of star images gradually 
increased as the Milky Way 
proached. The plates of eastern Taurus 
and Gemini contained up to 
100,000 stars each! These had to be ex- 
amined in small groups of only a dozen 


was ap- 


western 


stars at a time. For very rich regions, it 
was necessary to 
diaphragms to limit the maze of stars. 


Therefore, the speed of examination de- 


use narrow rectangular 


creased as these rich star regions were 


encountered, and the work with the blink 


comparator began to fall behind schedule. 

In February, 1930, after struggling 
through the Taurus plates, I skipped 
over to those in eastern Gemini, where 
the stars were less thickly packed. The 
entire length of the latter constellation 
had been photographed by the end of 
January that year. I chose three plates 
centered on Delta taken 
January 21st, 23rd, and 29th, respectively, 
but bad seeing made the first of these 
unacceptable for blinking. 

I placed the other two in the com- 
parator and began blinking the east half 
from the south end. By 4:00 p.m. on Feb- 
ruary 18th, one-fourth of the plate area 
had been blinked. Upon turning to a 
new eyepiece field two-thirds of a degree 
east of Delta, I suddenly 15th- 
magnitude object popping in and out of 
the background. Just 34 millimeters 
away another 15th-magnitude image was 
thing, but appearing al- 
to as 


Geminorum, 


spied a 


doing the same 
ternatelv with 


the 


respe ct 


through 


t’s it!” I exclaimed to my 


millimeters in six 


small an 


IO! 


position. But wet 
spurious? At once 


inch plates that h 
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After Pluto’s discovery, C. O. Lampland used the Lowell Observatory 42-inch 
reflector to obtain precise positions for orbit computations. In this photograph 
of March 4, 1930, the bright star is Delta Geminorum. 


with a millimeter scale. The object was 
retrograding about 70 seconds of arc pet 
day. This seemed to be it! 

Dr. Lampland was in his office across 
the hall. At 4:45 p.m., I told him that 
I had found something, and he came in 
and sat down at the comparator. Then I 
went to the director's office to inform Dr. 
Slipher, who hurried down the hall to the 
comparator room. (The other staff mem- 
ber, E. C. Slipher, was not in the build- 
ing.) The two astronomers repeated the 
same checks for their satisfaction. The 
air was tense with excitement. 

We looked through the window. The 
sky was very cloudy no chance of 
getting a recovery plate that evening. Dr. 
Slipher stressed that no announcement 
should be made until observational con- 
firmation was completed during the next 
few wecks. 

I was a young bachelor then, and gen 
erally left the observatory at 5 p.m. to go 
downtown for dinner. But it must have 
been after six o’clock when we dispersed 
from the comparator room. I could hardly 
eat for thinking about the images. I re 
member that because the evening was 
cloudy, I went to the movies and saw 
Gary Cooper in The Virginian. After the 
gun-drawing act, | came out tenser than 
ever. It was still cloudy. 

The next night, February 19th, was 
clear, and another one-hour exposure of 
the Delta Geminorum region could be 
taken. I developed the plate and left it 
on the drying rack to be ready for blink- 
ing the next morning with one of the 
discovery pair. Although three weeks had 
elapsed, the new image was quickly found 
about one centimeter west of the Janu- 
ary 29th position. 
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From this plate, a contact film was 
made to serve in locating the planet 
visually with the 24-inch refractor. On 
the following evening, we gathered in 
the dome. The important question was 
whether the distant object would show a 
disk. The big telescope was turned to 
Delta Geminorum, and with the aid of 
the finder chart we identified the faint 
field stars where the planet should be. 
There it was, a most unimportant-look- 
ing, dim, starlike object, which had 
moved perceptibly from its plate position 
of the night before. Each of the staff 
took a look. No disk could be made out, 
even though the seeing was fairly good. 
This caused some uneasiness, for Lowell 
had predicted a disk one second of arc in 
diameter and a stellar magnitude of 12. 

For the next few weeks, the new planet 
was photographed every possible night by 
Dr. Lampland with the 42-inch reflector, 
to obtain precise positions. Exposures of 
only seven minutcs gave good images. In 
addition, he made a pair of one-hour 
exposures, reaching to magnitude 19, in 
an unsuccessful search for possible satel- 
lites of the new object. His photographs 
through blue and yellow filters indicated 


LOWELL OBSERVATORY 


Observation Circular 


THE DISCOVERY OF A SOLAR SYSTEM BODY APPARENTLY TRANS-NEPTUNIAN 


The message sent last night (March 12) to Harvard Observatory for distribution to astron- 


omers read as follows: 

“Systematic search begun years ago supplementing Lowell's investigations for TransNeptunian planet 
has revealed object which since seven weeks has in rate of motion and path consistently conformed to Trans- 
Neptunian body at approximate distance he assigned. Fifteenth magnitude. Position March twelve days 
three hours GMT was seven seconds of time West from Delta Geminorum, agreeing with Lowell's predicted 


longitude.” 
For ease in finding object was referred to Delta Geminorum. 


Position March 12.14 G.M.T. R.A. 75 15™ 508 Dec. 22° 6’ 49” 


The finding of this object was a direct result of the search program set going in 1905 by Dr. 
Lowell in connection with his theoretical work on the dynamical evidence of a planet beyond Nep- 
tune. (See L. O. Memoirs, Vol. I, No. 1, “A Trans-Neptunian Planet,” 1914). The earlier search- 
ing work, laborious and uncertain because of the less efficient instrumental means, could be 
resumed much more effectively early last year with the very efficient new Lawrence Lowell tele- 
scope specially designed for this particular problem. Some weeks ago, on plates he made with 
this instrument, Mr. C. W. Tombaugh, assistant on the staff, using the Blink Comparator, found 
a very exceptional object, which since has been studied carefully. It has been photographed 
regularly by Astronomer Lampland with the 42-inch reflector, and also observed visually by 
Astronomer E, C. Slipher and the writer with the large refractor. 

The new object was first recorded on the search plates of January 21 (1930), 23rd, and 29th, 
and since February 19 it has been followed closely. Besides the numerous plates of it with the 
new photographic telescope, the object has been recorded on more than a score of plates with the 
large reflector, by Lampland, who is measuring both series of plates for positions of the object. 
Its rate of motion he has measured for the available material at intervals between observations 
with results that appear to place the object outside Neptune's orbit at an indicated distance of 
about 40 to 43 astronomical units. During the period of more than 7 weeks the object has re- 
mained close to the ecliptic; the while it has passed from 12 days after opposition point to within 
about 20 days of its stationary point. Its rate of retrogression, March 10 to 11, was about 30” 
per day. In its apparent path and in its rate of motion it conforms closely to the expected be- 
havior of a Trans-Neptunian body, at about Lowell’s predicted distance. There has not been op- 
portunity yet to complete measurements and accurate reductions of positions of the object requi- 
site for use in the computation of the orbit, but it is realized that the orbital elements are much 
to be desired and this important work is in hand. 

In brightness the object is only about 15th magnitude. Examination of it in the large re- 
fractor—but without very good seeing conditions—has not revealed certain indication of a planet- 
ary disk. Neither in brightness nor apparent size is the object comparable with Neptune. Pre- 
liminary attempts at comparative color tests photographically with large reflector and visually 
with refractor indicate it does not have the blue color of Neptune and Uranus, but hint rather that 
its color is yellowish, more like the inner planets. Such indications as we have of the object 
suggest low albedo and high density. Thus far our knowledge of it is based largely upon its 
observed path and its determined rates of motion. These with its position and distance appear 
to fit only those of an object beyond Neptune, and one apparently fulfilling Lowell’s theoretical 
findings. 

While it is thus too early to say much about this remarkable object and much caution and 
concern are felt—because of the necessary interpretations involved—in announcing its discovery 
before its status is fully demonstrated; yet it has appeared a clear duty to science to make its 
existence known in time to permit other astronomers to observe it while in favorable position 
before it falls too low in the evening sky for effective observation. 

—V. M. SLIPHER, 


Flagstaff, Arizona 
March 13, 1930 











that the planet was yellowish, resembling 
the terrestrial planets and unlike Uranus 
and Neptune, which are bluish. 
Possibly then, the new planet was quite 
Even if its faintness was caused by 
than small size, an 


dense. 
low reflectivity rather 
improbably high density seemed required 
to give the planet its predicted mass. Was 
the new object not Lowell’s planet X 
after all, but some interloper? 

E. C. Slipher undertook an experiment 
to clarify this. On the mesa just northeast 
of Flagstaff, he placed a box containing 
a source of light and having small holes 
of different sizes cut in one side. He 
viewed these with the 24-inch refractor 
and found, at the very low level of il- 
lumination resembling that prevailing on 
the actual planet, that a hole could sub- 
tend an angle of half a second of arc and 
still escape recognition as a disk. 

As the weeks passed, the motion of the 
object conformed perfectly to that ex- 
pected of a trans-Neptunian planet. It 
to announce the discovery 

1930, which was the 75th 
anniversary of Percival Lowell’s birth, 
and the date of Uranus’ discovery 149 
years earlier. Late on the night of the 
12th, director V. Slipher sent a tele- 
gram to the Harvard Observatory clear- 
inghouse for official distribution. 

Next day the news spread out over 
Soon newspaper and maga- 
reporters arrived in Flagstaff and 
swarmed over the observatory on Mars 
Hill. Letters and telegrams poured in, 
containing congratulations and suggesting 
names for the new planet. Around the 
observatory all other work was disrupted. 
Observers at other institutions quickly 
confirmed the position and motion of the 


was decided 
on March 13, 


the world. 
zine 


new planet. 

Of the names suggested, 
popular were Pluto, Minerva, and Cronus. 
However, one of the asteroids had already 
been called after Minerva, the goddess of 
Pluto was better known, and his 


the three most 


wisdom. 
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NINTH PLANET DISCOVERED neat HA 
ON EDGE OF SOLAR SYSTEM: 5! STA 


FIRST FOUND IN 84 YEARS 


UES FAR BEYOND 0 NEPTUNE. 


Sighted Jan. 21 After 25 
Years’ Search Begun by 
Late Percival Lowell. 


New Planet Chiecinsl 
With Earth and Neptane 


Size: 
Earth—8,000 miles in diameter. 
Neptune—-32,000. 
New Planet—8,000 or more. 
Distance from Sun: 
Earth—One astronomical unit. 
Neptune—Thirty 
units, 





New Planet—About fifty units. 


| Speed of Revolution: 


SEEN AT FLAGSTAFF, ARIZ. ; 


Observatory Staff There Spots: 


it by Special Photo-Telescope 
—Makes Thorough Check. 


ASTRONOMERS HAIL FINDING 


The Sphere, Possibly Larger. 
Than Jupiter and 4,000,000,000 
Miles Away, Meets | 


—— — 


Rr The Associated Presa. 

LAGSTAFF, Aviz., March 13.—-In 
the little cluster of orbs which scamp- 
ers across the sidereal abyss under 
of the solar system there 
be it known, nine Instead of a 
ight, worlds, 
sence of a ninth planet in 


the name 





the retinue of the sun, long suspect- 


Earth—19 miles a second. 

Neptune—3'¢ miles a seconil. 

New Planct—From 1 to 2 miles 
@ second. 

Time of Revolution: 

Earth-One year. 

Neptune--1486 Earth-years (en- 
tire revolution not yet ob- 
served), 

New Planct--Probably 300 to 
600 years. 

Note These figures on the new planet 
are tentative, based upon computations of 
astronomers here: on the Flagstaff an- 
nouncement. 





DONALD RALLIES 


~ NAVAL CONFERENCE 


Prime Minister Devotes Whole 
Day to Talks With Heads of 
All the Delegations. 
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Celler is Accused of “Ins 
| Mrs. Peabody by Cha 
| She Prompted Speak 


ADJOURN FOR COOLIA 





Sherwood Came Under: 
Attacking Anti-Ory Lei 
as “Fanatics.” 





Special to The New York’ 
WASHINGTON, March 1 
Alonzo Stagg, veteran dir 
athletics at the University 
cago, testified before the 
Judiciary Committee today 
improved status of the natio) 
under national prohibition. 
Mr. Stagg. who headed th 
dry witnesses at today’s he 
the various modification bil 
he committee: 
“In my judgment, since pr 
has been put into effect, hur 
thousands more children ha: 
fairer start in life than e: 
pre-prohibition days. With tl 
down of the home life ahd 
the complexities of new oppe 
| for being misled, I tremble 


e) woe definitely announced here to- . 


~ ue £2000 
. : Von poe 
tt <i 





The New York “Times” front-page Pluto story on March 14, 1930. 


Here Percival Lowell’s 
predicted orbit of planet 
X is compared with the 
observed orbit of Pluto. 
At the time of discovery, 
Pluto was close to its an- 
ticipated distance from 
the sun, but slightly 
ahead of its predicted 
position. Current values 
give 248 years for 
Pluto’s period of revolu- 
tion, and 39.5 astro- 
nomical units for its 
mean distance from the 
sun. Pluto can pass in- 
side the orbit of Nep- 
tune, but the tilt be- 
tween their orbit planes 
prevents collision. 


March, 


two brothers Jupiter and Saturn were al- 
ready in the heavens. In early May, the 
name Pluto was selected by Lowell Ob- 
servatory and officially proposed to the 
American Astronomical Society and to 
the Royal Astronomical Society. For the 
planetary symbol, the siterlocked letters 
P and L were chosen, being both the 
first two letters of the planet’s name and 
Percival Lowell’s initials. 

Could the systematic search techniques 
by which Pluto was found lead to other 
discoveries of distant planets? Dr. V. M. 
Slipher encouraged me to continue the 
hunt with the 13-inch telescope entirely 
around the sky, and to a considerable 
distance from the ecliptic. This program 
was long and difficult. Later, Frank Ed- 
mondson and Henry Giclas gave invalu- 
able assistance taking high-quality plates, 
and the blinking was carried out by me. 

By 1943, a major part of the sky had 
been combed for planetary bodies down 
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THE TRANS - SATURNIAN PLANET SEARCH | 
LOWELL OBSERVATORY 1929 — 1945 
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BLINK EXAMINATION TO MAGNITUDE 16-17 14-15 


On this sky map are indicated the regions covered by Lowell Observatory’s survey. Nearly the entire sky from declina- 


tion —50 


16th and 


new planet suspects were found, though 


to the 17th magnitudes. No 


one 16th-magnitude object was noted 
whose apparent motion matched Uranus’ 
distance from the sun. More plates failed 
to pick it up. ‘The original pair had been 
little far 


area, and the object may have been an 


taken a from the opposition 
asteroid near its stationary point, 

This survey was planned so that bodies 
as close as Saturn could have been de- 
tected, a generous overlap of plate regions 
being chosen to allow for their more rapid 
motions. The time interval between the 
plates of each pair was enough to reveal 
the motion of an object 10 times as re- 
Pluto. On the 


posures, a planet like Jupiter could have 


mote as one-hour ex- 


been recognized at 450 astronomical units 
from the sun, or one like Neptune at 
270. 

In addition, during 1939 and 1940 a 
series of 23-hour plates was taken along 
the ecliptic to extend the planet search 
Milky Way, 


however, the stars were so numerous that 


to magnitude 18. In _ the 
the examination of the plates became 


prohibitively tedious. Three to four 
weeks of intensive work was required to 
blink a 


Sagittarius even one-hou1 


single pair. In Scorpius and 
exposures re- 
corded a million stars on each plate! 
Shortly before World War II, 
Observatory decided to acquire a 25-inch 
f/4 Schmidt camera to extend the search 
to the 19th magnitude. But the pressures 


Lowell 


to +50° has been investigated for faint, distant planets. Lowell Observatory chart. 


of the war intervened, and the hunt for 
fainter planets was never resumed. 
During my share of Lowell Observa- 
tory’s long-continued searching for trans- 
Neptunian planets, about 90 million star 
images were examined in 7,000 hours at 
the blink comparator. Nearly 4,000 aster- 
oid images were marked on the plates, 40 
per cent of them new, while 1,807 vari- 
ables were noted, and 29,548 galaxies 
were counted. One new globular and six 
galactic star clusters were by-products of 
the search. Only one comet was found, 
on a pair of plates taken a year earlier. 
It seems safe to conclude from the 
Lowell surveys that no unknown planet 
beyond Saturn exists that was brighter 
than magnitude 16} at the time of search. 





The motion of Pluto as seen on the sky is traced from 1930 to 1934. The bright star on the right is Delta Geminorum, 
and the star cluster NGC 2420 appears just below the starting point of the observing period that began late in 1931. 
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Staff members of the American Museum-Hayden Planetarium watch the assembly of their new Zeiss projector. Since 
October, 1935, 10 million visitors had seen the original instrument in action. Photograph by Myles J. Adler. 


Two Eastern Planetariums Re-equipped 


JOR CHANGES have recently 
M been made at the Morehead 
Planetarium, Chapel Hill, North 
Carolina, and at the American Museum- 
Hayden Planetarium in New York City. 
For the first institution, supplementary 
equipment worth $30,000 was installed 
on the star projector, while for the second 
an entirely new Zeiss instrument, incorpo- 
rating all these modernizations, was pur- 
chased to replace the original projector. 
The Chapel Hill improvements were 
made possible by a gift from John M. 
Morehead, original donor of the plane- 
tarium. Manager Anthony F. Jenzano 
visited the Carl Zeiss Works at Ober- 
kochen, West Germany, to watch the 
manufacture of the new parts and to 
learn how to incorporate them into the 
instrument. On his return to North 
Carolina, the assembly took only 17 days, 
and was finished on November 15, 1959. 
He and the planetarium staff did most of 
the work. The planet cages, which were 
fitted with new projectors, were milled 
and reinforced in the machine shop of 
the University of North Carolina’s physics 
department. 
To show the brightest stars, both the 


and south star balls. Prewar instruments 
had projected these stars as larger but 
not brighter than the faint ones, and their 
extended disks detracted from the realism 
of the sky. The largest of the new images 


is only about an inch in diameter. In 
addition, the variable stars Algol, Mira, 
and Delta Cephei are portrayed by means 
of automatic devices that give exact re 
productions of their light variations, but 
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Chapel Hill and New York planetariums 
now have 42 individual projectors, 
mounted on ruffs just below the north 


One of 13 crates used to ship parts of the new projector from Germany is being 
carted through the Akeley African hall of the American Museum of Natural 
History. Photograph by Myles J. Adler. 
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The planetarium moon now has surface features like those seen with the naked eye on the moon itself. With the aid 
of aluminized glass mirrors, thé moon projector produces a brighter image. Carl Zeiss Studio photograph. 


on a suitably compressed time sequence. 

Further Hayden modifications included 
replacing the 733 old wooden seats with 
more than 800 theater-type ones, and re- 
moving the 25-year-old Manhattan sky- 
line. Now 14 projectors located around 
the periphery of the dome allow the sky- 


line to be changed at will. New seats 
were also installed in the room of the 
Copernican planetarium on the first floor 
of the building. 

Since the projector at New York had 
begun to wear out after almost a quarter- 
century of continuous service, it was de- 





In North Carolina’s Morehead Planetarium, manager Anthony F. Jenzano in- 
spects parts for the new ruffs that carry the bright-star projectors. 
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Left: During the first 
stage of the work at 
Chapel Hill, this scaf- 
folding was erected to 
support the heavy parts 
of the instrument. The 
cages containing the 
planet projectors have 
been removed. 


Right: Reassembly be- 
gan with the milled and 
strengthened cages. The 
southern one is shown 
here. Note the added in- 
terlacing supports. Uni- 
versity of North Caro- 
lina photographs. 





To demonstrate the celestial or nau- 
tical triangle, these projectors produce 
a vertical circle (left) and an hour 
circle (right). They are mounted on 
the skeleton ring for the mean sun. 


cided to replace it entirely with one of the 
new Mark III instruments. These are 
already in use at Hamburg, Tokyo, Sao 
Paulo, and London (Sky AND TELESCOPE, 
July, 1958, page 440). This is the 33rd 
Zeiss projector, and cost $150,000 — only 
$25,000 more than paid for the first 
Hayden instrument in 1935. 

With the new projector, it is possible to 
demonstrate the daily motion of the sky 
in three, four, six, or 12 minutes, while 








the annual motions of the sun, moon, and 
planets can be shown at these rates or at 
the high speed of one year in 10 seconds. 
The 8,900 stars fainter than 2nd magni- 
tude are produced by 32 projectors, theit 
chromium star plates having been perfo- 
rated by a new photochemical process. 

The installation in New York took fou 
weeks, the Hayden staff having the help 
of an engineer and three technicians from 
the Zeiss factory. Working 24 hours a 
day, they erected the 2}-ton, 17-foot-high 
device in record time. Composed of 159 


optical projectors and seven motors, and 


embodying over 29,000 parts, the Mark 
III has fiber and steel gears that insure 


smooth and quiet operation. 


Above: In one view of the sky as 
projected by a new Zeiss instrument 
are the fixed stars, some constellation 
figures, the sun, moon, and geocentric 
planet paths. Also shown are the 
meridian, ecliptic, equator, celestial 
co-ordinate grid, and an arrow pro- 
duced by the lecturer’s pointer. 


Right: This projector demonstrates 

the annual aberration and_ parallax 

ellipses traced in the sky by Sirius, one 
of the nearest stars. 


Selow: Exterior view (left) and in- 

terior view of the southern ruff, show- 

ing the special projectors for bright 

stars. All photographs on this page 
are by the Carl Zeiss Studio. 

















Atop Eyring Science Center of Brigham Young University, the dome at the left 
is 22 feet in diameter and houses the 24-inch reflector pictured below. At the 


right is the dome of the Summerhays Planetarium, which has a Spitz pro- 





jector. Brigham Young University photographs. 


Astronomy at Brigham 


D. H. McNamara, Physics Department, Brigham Young University 


INCE the dedication of our planetari- 
S um in January, 1958, the number 

of students taking elementary as- 
tronomy at Brigham Young University 
has increased to 750, compared with 300 
several years ago. 

Now we have added a 24-inch reflecting 
telescope, a versatile instrument with a 
photoelectric photometer and a_ Baker 
corrector for wide-angle photography. 
This marks the beginning of a new era 
in astronomy in this area, for it is the first 
major telescope to be erected in Utah. 
Our university is now well equipped to 
serve the public, the student body, and 
the student of astronomy who has a 
serious interest in research. 

The university’s campus is at Provo, 
45 miles south of Salt Lake City. ‘The 
planetarium was erected on the roof of 
the physical science building, in which a 
Foucault pendulum and exhibits of the 
chemistry and geology departments are 
also accessible to visitors. ‘The planetari- 
um was provided by a gift from the 
Hyrum B. Summerhays family of Bounti- 
ful, Utah, in order to bring astronomy to 
both students and townspeople. Several 
thousand persons have attended the week- 


274 Sky AnD TELEscopE, March, 1960 


The new 24-inch Tins- 
ley reflector, which has 
a conventional German- 
type mounting, is 
equipped with two slow- 
motion speeds: 60 and 
three seconds of arc per 
second of time. The 
primary mirror is pa- 
raboloidal and has a 
96-inch focal length, giv- 
ing a Newtonian focal 
ratio of {/4. The effec- 
tive Cassegrainian focal 
ratio is £/15; and a sky- 
light-shielding baffle is 
included. The instru- 
ment also has a Baker 
correcting lens, which is 
in position in this pic- 
ture, and a 6-inch guid- 
ing telescope. 


ly public lectures. Church, school, and 
civic groups come from as far away as 
250 miles to special showings. 

The planetarium dome has an inside 
diameter of 24 feet, with the Utah Valley 
horizon simulated in an artificial skyline. 
This is set six inches out from the dome 
itself, with sunrise and sunset lights be- 
hind. A slightly modified Spitz A-2 pro- 
jector provides the star images. 

The science center was built in 1950, 
and a 5-inch refractor in a 22-foot dome 
placed on the roof. That instrument has 
now been replaced by the 24-inch re- 
flector, which is housed in the same dome. 
The optics and mounting are by Tinsley 
Laboratories. 

Two different foci are provided, an f/4 
Newtonian and an f/15 Cassegrainian. 
The Baker reflector-corrector is similar to 
that on the 24-inch telescope of Dyer Ob- 
servatory at Vanderbilt University (Sky 
AND ‘TELESCOPE, January, 1954, page 72). 
This accessory converts the reflector into 
a wide-angle Schmidt-type camera, giving 
excellent definition over seven-inch-square 
plates. 

For another type of research work, the 
Cassegrainian photoelectric photometer, 
built in the physics department shop, has 
proven successful. Our first observations 
were of the three-hour variable AD Canis 
Minoris, in December of last year. 


Young University 











GETTING ACQUAINTED WITH ASTRONOMY 


THE PLANETS — 


AST MONTH we discussed the move- 
ments of Mercury in the sky; now let 
us consider its surface features. 

Telescopically, Mercury is a difficult 
object to study. When most conveniently 
placed for viewing, near the times of 
greatest elongation, its angular diameter 
is only about eight seconds of arc. Even 
at inferior conjunction, the disk is a 
scant 12 seconds across, about one-third of 
Jupiter’s angular diameter. 

The minimum equipment for observing 
the phases satisfactorily is probably a 3- 
inch telescope with a power of 100x. For 
more systematic observations, a 6-inch and 
magnifications of about 150x may _ be 
recommended. 

Because Mercury is always near the 
horizon during twilight observations, its 
telescopic image is seldom steady or 
sharply defined. Hence, it is advantageous 
to view the planet by daylight, when Mer- 
cury can be seen higher in the sky, with 
better seeing conditions. ‘To do this 
conveniently, the telescope should be 
equatorially mounted, preferably on a 
fixed pier, and have good setting circles. 
Predicted positions of Mercury can be 
found in the American Ephemeris. 

Two precautions are important in seek- 
ing this object by day. A pure blue sky 
is desirable, as even a very small amount 
of haze is enough to wash out the con- 
trast between the tiny disk and the sur- 
rounding sky. Also, the telescope and its 
finder should be carefully focused before- 
hand, for example on the moon, if the 
latter is also in the sky. If the image of 
Mercury is out-of-focus blur, it is 
hard to pick up. 

The phases of Mercury are among its 
most interesting phenomena for tele- 
scopic viewing. The changes are so rapid, 
particularly during the crescent stages, 
that they become appreciable in the 
course of a few days. The time of Mer- 
is exactly at 
reported by 
several days 


an 


cury’s dichotomy — when it 
quarter phase — has been 
some observers to differ by 
from predictions. Hence, it may be use- 
ful for amateur observers to determine 
the time of this event. A simple method 
is to examine the planet on successive 
days near greatest elongation, noting the 
date and hour when the terminator ap- 
pears exactly straight. 

At intervals of a few years, Mercury 
passes directly in front of the sun at 
inferior conjunction, instead of north or 
south of it, the planet then being visible 
in small telescopes as a black round dot 
on the solar disk. The next such transit 
of Mercury will occur on November 7, 
1960, and will be visible throughout 
North and South America. Accurate 
timings of the entrance of Mercury upon 
the sun and of its exit are useful observa- 


MERcurRY — II 


tions for amateurs, and the phenomenon 
is readily photographed. 

When seen under favorable conditions 
by an experienced eye, the reddish disk 
of Mercury shows dusky, streakish mark- 
ings, usually near the threshold of vision. 
Systematic observation of these very dif- 
ficult surface features is an important 
task for the advanced amateur. Because 
the markings are hard to see, they are 
drawn in very different fashion by various 
observers. But these features are _per- 
manent, and their near immobility with 
respect to the terminator indicates that 
Mercury rotates on its axis but once dur- 
ing each 88-day revolution around the 
sun. 

An amateur who wishes to see some- 
thing of the surface markings must pre- 
pare his eye by frequent observations of 
the planet. On the first observing oc- 
casion, probably nothing of the markings 
will be noticed; but after weeks or months 










Csorinepo, | 
4of ae DERahS ska G7] 


i TRISMEIGIS TL: 





Res eae ee 2 


of scanning the disk at all suitable oppor- 
tunities, they may at last become fairly 
evident. 

For those interested in the visual study 
of Mercury, one very valuable reference 
work is a book in French by E. M. An- 
toniadi, entitled La Planéte Mercure 
(1934). Besides summarizing older results, 
it records Antoniadi’s long-continued ob- 
servations with the 33-inch refractor of 
Meudon Observatory, near Paris. 

The Association of Lunar and Plane- 
tary Observers (ALPO) has a Mercury 
section, at present directed by Owen C. 
Ranck, 112 Broadway, Milton, Pa., and 
the work of this group is reported from 
time to time in the association’s periodi- 
cal, The Strolling Astronomer. Another 
active group is the Mercury and Venus 
section of the British Astronomical As- 
sociation (BAA), directed by Patrick 
Moore, Glencathara, Worsted Lane, East 
Grinstead, Sussex, England. Amateurs in- 
tending to carry out systematic programs 
should join one or both of these groups. 
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This map of the surface of Mercury was compiled by E. M. Antoniadi from 
his observations with the 33-inch Meudon refractor about 30 years ago. The 
names he has given to the bright and dark regions are those in general use by 
students of this planet. Because Mercury rotates once for each 88-day revolu- 


tion around the sun, the planet always 


turns the same face toward the sun, as 


the moon does for the earth. The libration of the planet causes the center of 


the apparent disk to oscillate between 


the positions marked Z’ and Z”. The 


surface markings charted here agree well with other maps from the days of 


G. V. Schiaparelli to the present, when allowance is made for the observing 
and drawing habits of different astronomers. 
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From “La Planete Mercure.” 
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Spectral lines of Beta Aurigae show a 
periodic doubling, demonstrating that 
this star is a binary, with a period of 
3.96 days. It is also an eclipsing vari- 
able. From top to bottom, the spectro- 
grams were taken the following num- 
ber of days after mid-eclipse: 0.03, 0.21, 
0.93, 1.82, and 1.94. In the middle 
spectrogram, where the lines are far- 
thest apart, their spacing indicates a 
relative velocity of 198 kilometers per 
second for the two components. 


of modern astronomy are presented 

by the behavior of spectroscopic bi- 
naries — stars that are known to be double 
by the regular oscillations of their spectral 
lines. “These wave-length shifts are Dop- 
pler displacements caused by the relative 
orbital motions of the stars in such binary 
systems. 

The diagram illustrates a case of cir- 
cular orbits for a pair of stars of unequal 
mass. The more massive star moves in the 
smaller orbit, always on the side of the 
center of gravity directly opposite the less 


Sr: of the most intriguing problems 


massive component. The successive posi- 
tions are labeled with the numbers 1, 2, 3, 
and 4. 

Generally, however, the orbits do not 
lie in the plane of the sky, but are tipped 
partially toward us, so that as the stars 
revolve one of them approaches us while 
the other recedes. Consider the primary 
star first, assuming in the diagram that the 
line of sight to the earth is downward. 
When the primary is moving sideways to 
this line of sight, as at 1 and 3, there is 
no component of its orbital motion to- 
ward or away from us, and its spectral 
lines are in their normal positions. But 
at 2 this star is approaching us, and there 
is a relative Doppler displacement of its 


under contract with the National Science Foundation. 
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RZ SCUTI — 


A. Peculiar 


Spectroscopic Binary 


Otto Struve, National Radio Astronomy Observatory* 


lines toward the violet end of the spec- 
trum; at 4, the recession produces a corre- 
sponding shift to the red. 

If the two stars are about equal in 
brightness, the spectrum of the secondary 
can also be observed. At positions 1 and 
3, however, the spectra overlap and the 
lines appear single for a time. But the 
relative motion of the secondary is always 
opposite to that of the primary, so near 2 
and 4 of the diagram one spectrum is 
shifted to the violet and the other to the 
red, and the lines appear double. The 
displacement of the less massive star’s 
lines is greater than the primary’s, because 
the former star has the larger orbital 
velocity, as indicated by the arrows. 

It is useful to plot the velocities of ap- 
proach and recession of each component, 
measured from the Doppler displacements 
of the lines, against time or phase. ‘This 
is generally expressed as the fraction of 
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In many spectroscopic binaries, owing 
to the secondary star’s faintness, only 
a single set of spectral lines appears 
and only one velocity curve can be 
drawn, as for Alpha? Herculis above. 


the period of revolution that has elapsed 
since an arbitrary zero date. The result- 
ing velocity curve is a pair of sine waves 
if the stars are moving in circular orbits. 
In the case of RZ Scuti, the 8th-magnitude 





Four aspects of a spec- 
troscopic binary star. At 
the upper left are shown 
the orbits of the more 
massive component (sol- 
id circle) and the less 
massive one around the 
center of gravity. How 
the orbital motion af- 
fects the appearance of 
the spectral lines is pre- 
sented at the right. 
When the two stars are 
in positions 1 or 3, their 
spectral lines coincide 
in the normal position 
(N), but in positions 2 
and 4, lines from one 
star are displaced to the 
violet (V), lines from 
the other to the red (R). 
After frequent measure- 
ments of these Doppler 
shifts are made through- 
out an orbital cycle, the 


of Gravity 





Center 





Spectral 
lines 





velocity curves of the 
two components can be 
plotted, as in the lowest 
part of this chart. If the 
orbit is presented edge 
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on to the earth, or near- 
ly so, then the secondary 
star at position 1 must 
pass in front of the 
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other star at 1, thereby 1 
producing an_ eclipse. 0.0 
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S. Gaposchkin compiled this light 
curve for RZ Scuti from estimates of 
brightness on 1,061 Harvard patrol 
photographs. Because the deep mini- 
mum is sharp rather than flat-bot- 
tomed, the eclipses are partial. The 
total duration of the eclipse is about 
one-sixth of the 15.19-day period. 


star we shall discuss here especially, only 
the spectrum of the bright primary star 
can be observed, and the velocity curve 
shows the motion of this component. 

Fortunately, however, the orbit of RZ 
Scuti is tipped so far away from the plane 
of the sky that its plane is near the line 
of sight. Each star is periodically eclipsed 
by the other, producing the fluctuations 
in total light that are characteristic of 
eclipsing variables. Whenever a spectro- 
scopic binary is thus also an eclipsing 
system, the most interesting results are 
obtained from a combined study of its 
light and velocity curves. 

The eclipses of RZ Scuti recur in a 
period of 15.19 days, but no modern 
photoelectric light curve of this variable 
star seems to be in existence, and some 
uncertainty is attached to the photometric 
elements of the system, determined by H. 
Shapley in 1915 and S. Gaposchkin in 
1943. The former gives the values 77 de- 


grees as the inclination of the orbit to the 
plane of the sky, and 0.15 and 0.31 for the 
radii of the brighter and fainter com- 
ponents, respectively, in terms of the 





separation of their centers. It is evident 
that at primary minimum of the light 
curve a large, cool star partially eclipses 
a small hot one. 

Two striking anomalies frequently ap- 
pear in the velocity curves of eclipsing 
binaries. One of these is rotational distor- 
tion, which occurs during the partial 
phases of an eclipse, when only the edge 
of a bright, rapidly rotating primary is 
visible to one side of a larger companion. 
This distortion is always toward more 
positive values (red shifts) before mid- 
eclipse and toward more negative values 
after. Thus, the direction of rotation of 
the star is in the same sense as its orbital 
motion. There may be considerable cos- 
mogonical significance in this universal 
agreement between the directions of or- 


bital revolution and axial rotation in 
binary systems. 
Some binaries have extremely large 


rotational effects in their velocity curves. 
\n example is U Cephei, in which the 
eclipse is nearly central. The rotational 
velocity of the star being eclipsed is about 
200 kilometers per second at its equator. 
Incidentally, in this system the spectrum 
of the secondary star is visible during the 
eclipse, when the secondary is in front of 
and hiding the bright primary, but out- 
side of eclipse the light of the companion 
is overwhelmed by that of the brighter 
Star. 

The second anomaly, first noticed by 
A. H. Joy in the spectrum of RW Tauri, 
is found in many systems whose brighter 
component is a fairly hot star. Often 
these show double emission lines of hy- 
drogen in their spectra. At the beginning 
of eclipse, the violet-displaced emission 
line of each pair is extinguished. During 
totality no emission lines are usually ob- 
served, while after totality the red-dis- 
placed emission is extinguished. 

The double emission lines are believed 
to be produced by a gaseous ring sur- 
rounding the hot star, revolving around 
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The first binary system known to con- 
tain a gaseous ring was RW Tauri, 
whose behavior is explained here. From 
Skilling and Richardson’s “Astrono- 
my,” revised edition, reproduced by 
permission of Henry Holt and Co. 
it in the same direction as its axial rota- 
tion and orbital motion. The part of the 
ring that is approaching us produces emis- 
sion to the violet of the normal position 
for the star’s spectral line; the other part 
of the ring, on the star’s opposite side, is 
receding and produces the redward emis- 
Where the ring lies between us 
star some absorption may be 


sion line. 
and the 
observable. 

Confirmation of this interpretation is 
provided by the invisible companion as it 
eclipses the primary and its ring. Just as 
only one limb of the primary is seen at a 





+200 
The rotation effect in 
U Cephei is illustrated 
by the sketch from +150 
Camille Flammarion’s 


book “Astronomie Popu- 
laire” at the left and by 
the author’s spectroscop- 
ic observations at the 166 
right. When the bright 
primary is eclipsed by 
the large secondary, for O 
a short time its receding 
side only sends light to & 
to the earth, and a sud-  ,, 
den rise in the velocity = 
curve occurs. A reverse 
deformation occurs after 
the end of total eclipse. 
The author has plotted -150 
with crosses the radial 

velocities of the second- 


+100 


SECOND 


PER 


2S 











ary (whose spectrum is — 200 pad 
seen only during the - Senyee 4 
eclipse). — l | = ik l is l aa | re 
0 i 2 3 
TimE IN Days 
March, 1960, Sky AND TELESCOPE 277 











These are parts of five spectra of RZ Scuti taken by D. H. McNamara with the 100-inch Mount Wilson telescope in 
June, 1957. Each stellar spectrum is flanked by two comparison spectra, added to provide a wave-length calibration. 
Absorption lines appear dark in this reproduction, emission features light, and shorter wave lengths are to the left. The 
two upper spectra were taken just after mid-eclipse, at phases 0.155 and 0.241 day, respectively. Note that the hydrogen- 
alpha line (prominent feature central in each picture) shows as a strong absorption, flanked by emission to the right, 
and weaker emission to the left. But in the third spectrum, phase 1.020 days, just out of eclipse, the leftward emission 
is the stronger. The two lowest spectra were obtained after eclipse, at phases 1.124 and 1.189 days, respectively. These 
show hydrogen alpha as an absorption feature only, this line being distinctly a close double on the original negatives. 
These spectrograms courtesy Dr. McNamara. 


Hansen and D. H. 


time during the partial phases of the 
eclipse, producing the rotational distor- 
tion, so only one side of the gaseous ring 
is visible, the emission from the other side 
being extinguished by the eclipse. 

Both of these anomalous effects appear 
in RZ Scuti. In 1944, I made some spec- 
troscopic observations of this star at the 
McDonald Observatory in ‘Texas and ob- 
tained a good velocity curve in collabora- 
with the late F. Lick 


tion Neubauer of 


Observatory. Now K. 
McNamara, Brigham Young University, 
have made a new spectroscopic study, 
which they report in the November, 1959, 
issue of the Astrophysical Journal. ‘The 


new work agrees closely with the earlier 


results. 

Hansen and McNamara use the sche- 
matic diagram to show various  char- 
acteristics of the velocity curve. Two 


“steps,” at phases nine to 12 and at 13 to 


14 days, are probably produced by a ring 
of gas that flows around the system and 
may have a remarkable “eddy.” Hansen 
and McNamara have proposed a model 
to explain these and other observed ef- 
fects, though they point out that in all 
respects the model may not represent the 
real situation. 

RZ Scuti has a very large rotational dis- 
tortion, occurring between 14 and 16 
days in the Hansen-McNamara diagram. 
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The velocity curve of RZ Scuti, determined by McNamara and K. Hansen. At the left are plotted the individual meas- 

urements of radial velocity, as given by the hydrogen lines. At the right is a schematic diagram to indicate more clearly 

some of the peculiar features of the velocity curve: the large rotational distortion, and the unusual steplike halts. The 
crosses are corrected velocities from the helium lines. Adapted from the “Astrophysical Journal.” 
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Its total observed range is some 320 kilo- 
meters per second, corresponding to a 
stellar rotation half as fast, or 160 kilo- 
meters per second. But the actual value 
must be greater than this, for two reasons. 
First, the orbit is tipped out of the line 
of sight about 13 degrees, so there is 
some foreshortening and thus reduction 
of the apparent radial velocities. Second, 
the eclipse is not central, and the cres- 
cents observed before and after eclipse 
are not centered on the star’s equator 
but at some higher latitude where the 
linear value of the rotation would be less. 

To check these Hansen and 
McNamara have measured the broaden- 
ing of the star’s helium lines outside of 
eclipse. In general, the faster a star ro- 
tates, the greater the differential Doppler 
shifts of the parts of a spectral line orig- 
inating in the 
surface, some approaching us and others 
receding. The helium lines of RZ Scuti 
are broad, with measured rotation widths 
of about 250 kilometers per second. These 
values, which also must be corrected for 
the effects of foreshortening, confirm the 
very rapid rotation of RZ Scuti’s primary 
component. 

As we have RZ Scuti 
double emission lines of hydrogen. The 
strong red hydrogen-alpha line appears 
both in absorption and in double emis- 
sion. As with RW Tauri, the red emission 
is stronger than the violet one at the 
very beginning of partial eclipse, while 
end of 


2 
r4 


results, 


various areas of star’s 


seen, also has 


the reverse is true near the very 
eclipse. 


But there is a further anomaly: Just 
before mid-eclipse the violet component 
of Ha is much stronger, while just after- 
ward the red component is the more 
intense. This cannot be due to a gaseous 
ring revolving around the primary, for 
that is mostly hidden behind the large 
secondary star. Hansen and McNamara 
suggest that another stream of gas flows 
around the secondary. Immediately before 
zero phase, or mid-eclipse, the receding 
part of this stream is located in front of 
the hot star, producing absorption but no 


This model of the bina- 6 


ry RZ Scuti shows the 
pattern of gas streams 
that Hansen and Mc- 
Namara believe might 
account for the spectro- 
scopic peculiarities of 
the system. The dashed 
curve nearly coincident 
with the large star is a 
surface of zero velocity 


passing through the 
Lagrangian point L.. 
To obtain the correct 


aspect of the stars and 
streams as seen from the 
earth, rotate the dia- 
gram to whatever phase 
is being considered. 
Adapted from an illus- 
tration in the “Astro- 
physical Journal.” 
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The profile of the hy- 
drogen-alpha line of RZ 
Scuti is shown for six 
different phases. Those 
portions of each tracing 
above the _ base line 
represent emission; be- 
low the base line, ab- 
sorption. Compare the 
curves for phases 0.24 
and 1.12 days with the 
corresponding spectra 
on page 278. From Han- 
sen and McNamara, in 
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emission. At the same time, the approach- 
ing part of the stream is seen projected 
against the dark background of the sky, 
thereby forming a violet-displaced emis- 
sion line. As soon as mid-eclipse passes, 
the opposite situation occurs. 

From changing asymmetries of the heli- 


um absorption lines of the primary star, 
Hansen and McNamara find a similar 
phenomenon, for which they believe, 


“The most probable explanation is that 
a moving gas stream surrounds the two 
components of the system. . . . Thus the 


Days FROM Mio- ECLIPSE 
fe) 


“Ne ier 


-ECLIPSE- 


Oo 15 
Days FROM Mi0-ECLIPSE 





motion of this stream must be such that 
before eclipse we are observing the pri- 
mary component through material that 
is moving away from us, which causes 
the observed red shift of the line cores. 
After eciipse we are looking through ma- 
terial that is moving toward us, which 
causes the observed violet displacement 
of the cores.” These results for the hy- 
drogen and helium lines give a new and 
demonstration of a stream of 
around an entire stellar system. 


convincing 
gas flowing 

But the most interesting result, one that 
Neubauer and I called attention to 
earlier, is that the hydrogen absorption 
lines (and to a lesser extent the helium 
lines) seem to have only a small rotational 
distortion. In the recent work, this effect 
is shown to be strongly correlated with 
the intensities of the lines, being most 
noticeable for Ha. 

During partial-eclipse phases, however, 
the absorption lines become double, and 
Hansen and McNamara find that the 
weaker component in each case does show 
the rotational distortion characteristic of 
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the fast rotation of the primary star's re- 
versing layer. Thus it becomes clear that 
the strong component of each line, which 
ordinarily masks the weaker one, is pro- 
duced in the revolving gaseous ring or 
The Hz, has the 
least rotational distortion and is formed 
highest in the shell, that is, farthest out 
from the star, where the shell’s rotation 
is slowest. Other hydrogen lines are pro- 
lower levels in the shell, with 
faster rotation but still 
that of the star itself. , 


rotation of 


shell. strongest line, 


duced at 
somewhat much 
less than 

The the primary is ex- 


tremely rapid. If the star’s orbital and 
rotational motions were synchronized, the 
equatorial velocity would be 30 instead 
of 250 kilometers per second. But such 
fast rotation is not unusual, being found 
in U Cephei and a considerable number 
of other stars. 
Moreover, we can account for the rela- 
tively small rotational broadening of the 
shell distance 
above the photosphere of the hot star, 


the orbital velocities of the atoms in the 


lines. At a considerable 


gaseous stream would, in fact, be slower 
than at the photosphere itself. Further- 
more, at any given phase only part of the 
stream is seen projected against the hot 
stellar disk. The resulting sharpness of 
the shell absorption lines can be explained 
in the same way as those of 48 Librae and 
Pleione. 

An estimate of the 
velocity of the stream could be derived 
from the separation between the two 
emission components of Ha. Though 
Hansen and McNamara do not give any 
values, it is possible to estimate from their 
observations that the gaseous ring, as a 
whole, has an orbital velocity of about 
150 to 200 kilometers per second. As the 
average distance of the stream from the 
center of the primary is roughly three 
times the stellar radius, the rotational 
broadening of the shell absorption lines 
would be some 50 or 60 kilometers per 
second. This value is in fair agreement 
with the appearance of the lines on spec- 
trograims. 

Because the hydrogen 
absorption spectrum of RZ Scuti are nar- 
row and sharp, we would expect the 
bright component to have a high luminos- 
ity. But its rapid rotation indicates that 
it is not a supergiant and probably not 
even a giant. More likely it is a rather 
normal B star, main 
sequence, that owes its peculiar features 


average orbital 


lines in the 


perhaps on the 


not to any intrinsic properties, but to the 
proximity of a very large, cool giant or 
subgiant secondary that spills gas into 
the gravitational regions controlled by the 
hot but small primary. 

We need not be 
the apparent fact that the critical equi- 
potential surface, which contains the 
Lagrangian point L, (see model diagram), 


too concerned over 


is slightly smaller than the cool star. Un- 
certainties in the light curve, and in the 
corrected velocity curve, are of sufficient 
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amount that we should really be pleased 
to have the secondary so completely fill 
its own lobe of the that it can 
expel gas through the narrow funnel at 


surface 


L, and in this way produce the streams of 
gas.* 

Two other questions occurred to me 
while I was reading this Astrophysical 
Journal article. First, are there any other 
spectroscopic binaries whose — velocity 
curves display the steplike appearance 
before the onset of partial eclipse? In 
the velocity curve of U Cephei (page 
277), notice the striking distortion at 
phases 0.8 to 1.3 days, and at 1.3 to 1.8 
No doubt the explanation in this 
particular case is the same as for the steps 
shown by RZ Scuti. 

Second, is the spectrum of the hot star 


at mid-eclipse, when only a narrow cres 


days. 


cent in the vicinity of its pole is visible to 
us, completely free of absorption pro- 
duced in the gaseous stream? The spec- 
trum of this polar area seems to be of a 
somewhat later spectral class than that of 
the entire star seen outside of eclipse 
(through the dense regions of the equa- 
torial shell). Actually, though there may 
be some difference in the polar and equa- 
torial spectra of the star, there is some 
evidence of shell absorption within § this 


system. 
My McDonald observations clearly in- 
dicated that the helium lines at these 


times became almost invisible, and that 
the hydrogen lines were weak and very 
narrow. This that there is a 
small amount of hydrogen sufficiently far 
above and below the orbital plane to 
produce the lines. The helium 
lines, being intrinsically weaker than 
those due to hydrogen, would be almost 
completely Undoubtedly, the 
stream diffuses outward, so there is no 
sharp discontinuity at right angles to the 
orbital plane, as there is for the rings of 
Saturn. 


suggests 


narrow 


absent. 


For an explanation of Lagrangian points and mass 
exchange in binary systems, see my article 
beginning on page 70 of the December, 1957, issue of 
Sky AND TELESCOPE. 


close 





NEW BRIGHT VARIABLE STAR 
A new 6th-magnitude eclipsing variable 
is reported by W. Strohmeier, Remeis 
West Germany. It is HD 
29365, whose 1950 position is: 4" 357.5 
to 20° 35”. 
od is 2.056 days, the photographic am- 


Observatory, 
i 


His study shows that the peri- 


plitude 0.8 magnitude. The visual range 
could be much less, if the secondary is red. 





CORRECTION TO PICTURE 

Dr. James Stokley, Michigan State Uni- 
versity, writes, “The photograph on page 
151 of the January issue is one I took 
when visiting George W. Ritchey at the 
Paris Observatory in 1929. ‘The mirror 
shown is about a 36-inch [not the 60-inch 
of Mount Wilson], and I believe he was 
using it in his experiments on the Ritchey- 
Chrétien system.” 








H. P. Wilkins (right) is seen with the 


French planetary expert Audouin 
Dollfus, during a recent visit of the 
English amateur to Meudon Observa- 
tory to work with the 33-inch tele- 
scope. Photograph by Patrick Moore. 


H. P. WILKINS: DIES 

The world’s best-known 
server of the moon, H. Percy Wilkins, 
died on January 23rd at his home in 
Bexleyheath, England, at the age of 62. 
\s recently as December 31, 1959, he had 
retired from his position at the British 
ministry of supply, with the intention of 
devoting all his time to astronomy. 

Dr. Wilkins active lunar ob- 
server for over 40 years. His private ob- 
servatory at Bexleyheath was equipped 
with a 15-inch reflector, but in recent 
he made observations with 


amateur ob- 


Was an 


years 
the 33-inch refractor of Meudon Observa- 
tory, near Paris, in collaboration with 
Patrick Moore. Charting the lunar sur- 
face favorite work. In 1932 he 
published a moon map 200 inches in 
diameter, followed by his famous 300- 
inch map in 1946. Dr. Wilkins was the 
author of six books and numerous articles. 
In co-operation with Mr. Moore, he wrote 
The Moon, a 388-page descriptive survey, 
which appeared in 1955. 

He was especially active in promoting 
amateur lunar observing, which had 
reached a low ebb about three decades 
ago, in his role as director of the lunar 
section of the British Astronomical Associ- 
ation, and later as president of the In- 
ternational Lunar which he 
founded in 1956. 

Dr. Wilkins was among the very few 
astronomers who have 


many 


was his 


Society, 


nonprofessional 
served as commission members of the In- 
ternational Union. His 
honorary doctorate was given by the Uni- 


Astronomical 


versity of Barcelona. 

In 1954, the English amateur made a 
lecture-tour visit to the United States, 
with his wife and daughter. After ob- 
serving the June 30th eclipse of the sun, 
he attended the general convention of the 
\stronomical League at Madison, Wis- 
consin, where he received an award fo1 
his lunar work. 





NEWS NOTES 


RADAR ECHOES FROM THE SUN 

In an epochal achievement, scientists at 
Stanford University Radioscience Labora- 
tory have sent radar signals to the sun and 
detected the returning echoes 17 minutes 
later. They succeeded even though the 
sun’s distance makes it difficult to reach 
by radar, and in spite of the “thunderous” 
radio noise arising from the turbulent 
solar atmosphere. 

The Stanford team, headed by Von R. 
Eshleman and Philip B. Gallagher, used 
a standard transmitter, similar to those 
in major commercial short-wave radio sta- 
tions, with an output of 40,000 watts. The 
antenna, used for both sending and _ re- 
ceiving, was a four-unit rhombic array 
consisting of wires strung out on 22 power 
poles over a 14-acre area. In order to 
lessen the absorption of the signals by the 
solar corona, a frequency of 25.6 mega- 
cycles per second was chosen, which is low 
for radar. 

Pulsed signals of 
separated by an equal interval, were sent 
out for 15 minutes, then the transmitter 
was turned off while the echo was awaited. 
Contacts were made early on April 7, 10, 
and 12, 1959, but the data recorded on 
the magnetic tapes required elaborate 
analysis with electronic computers. ‘Tens 
were made 


30 seconds duration, 


of millions of calculations 
to separate the signal echoes from the 
sun’s background noise, which was 50,000 
times stronger. 

According to Dr. Eshleman, the echoes 
did not come from the sun’s visible sur- 
face, but from the outer corona, approxi- 
mately 1.7 radii from its center 
or about 300,000 miles above the photo- 
sphere. Improved techniques and more 
powerful transmitters may permit inten- 
For in- 


solar 


sive solar exploration by radar. 
stance, it is expected that much will be 
learned about solar flares, as well as dis- 
turbances in the corona. 

The sun thus becomes the third solar 
system body (apart from meteors) with 
which radar been made. 
Echoes from the moon were recorded as 
early as 1946, and from Venus in Feb- 
ruary, 1958. As in the present case, about 


contact has 


a year elapsed from the time of the ob- 
servations to the announcement of their 
successful analysis. 

Details of the Stanford group’s work 
have been reported in the February 5th 
issue of Science. 


SOLAR SYSTEM SATELLITES 

A comprehensive article on the satel- 
lites of the planets, containing “a more 
complete account ... than is normally to 
be found in any single textbook,” has 
been published in the January issue of 
the Journal of the British Astronomical 
Association. Written by J. G. Porter, 
the 27-page review contains detailed 
figures on each planet’s system of natural 
satellites and a list of their discoverers. 

The moon differs greatly from the 
other 30 solar system satellites, its orbit 
being everywhere concave to the sun and 
inclined to both the earth’s equator and 
the ecliptic. Its mass is 1/81 that of the 
earth; all other satellites have far smaller 
masses relative to their primaries. He 
states, ‘For these and other reasons it is 
better to regard the Earth-Moon system as 
being a double planet, rejecting the old 
idea that the Moon once formed part of 
the Earth.” 

Dr. Porter notes the remainder are of 
two kinds: “regular satellites, eighteen in 
number, travelling in almost circular or- 
bits in the plane of the equator of the 
parent planet,” and “irregular satellites, 
which show no such behavior, but whose 
orbits may be quite eccentric and inclined 
at any angle. In this there are 
twelve satellites, of which six revolve in 
retrograde orbits.” 


class 


PERKINS 69-INCH TELESCOPE 
TO BE MOVED TO ARIZONA 

The fifth largest reflector in the United 
States — the 69-inch telescope of Perkins 
Observatory — will be transferred from 
Delaware, Ohio, to Arizona late this year. 
The new site is on Anderson’s Mesa, a 
flat-topped plateau about 11 miles south- 
east of Flagstaff, at an elevation of about 
7,200 feet. 

It is estimated that the 69-inch will be 
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Here the history-making observations of solar radar echoes are presented in 
graphical form, as “translated” by the computer from a tape recording at the 
Radioscience Laboratory of Stanford University. The V-shaped straight lines 
show how perfect echoes would look without solar noise burst distortions or 
interference in the signal's path through space. Stanford University chart. 
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IN THE CURRENT JOURNALS 

THE DWARF M-TYPE STARS, by D. 
Nelson Limber, Leaflet No. 367, As- 
tronomical Society of the Pacific, Janu- 
ary, 1960. “It seems reasonable to con- 
clude that in our galaxy — and possibly 
in the whole of the observable universe 
— more than half of all the stars are 
M dwarfs.” 
‘HE MAGNETISM OF THE SUN, by 
Horace W. Babcock, Scientific Ameri- 
can, February, 1960. “From the varia- 
tions of the magnetic fields at the sur- 
face of the sun we can deduce the pat- 
terns of fluid motions and thus perceive 
what lies behind the sun’s ever chang- 
ing visible features. In addition, mag- 
netic studies provide clues to the na- 
ture of the turbulent activity of the 
sun’s interior.” 


_— 











about four times more efficient in Arizona 
than in Ohio, because of the greater num- 
ber of clear nights, the increased trans- 
parency, and the steadiness of the atmos- 
phere. 

Ownership of the reflector will remain 
with Ohio Wesleyan University, but 
maintenance is to be provided by Lowell 
Observatory. Observing time at the tele- 
scope will be divided equally between the 
Lowell and Perkins staffs. The astrono- 
mers from Ohio State and Ohio Wesleyan 
will visit the new location for three- to 
six-month observing periods, but the ob- 
servatory in Ohio will remain the center 
of research in astronomy at the two uni- 
versities. 

In the old 69-inch dome at Delaware, 
a 32-inch telescope and a 16-inch Schmidt 
photographic camera will be set up. 
Grants were provided by the National 
Science Foundation for the large reflec- 
tor’s transfer and for the installation 
of the two new instruments. 


FIREBALL OF JULY 26, 1938 

A great bolide passed from over eastern 
Pennsylvania to southern Vermont on the 
early evening of July 26, 1938, attaining 
its greatest brilliance as it underwent sev- 
eral explosions north of New York City. 
Thousands of persons watched it flare up 
or burst at least four times, showering 
sparks as it did so. To some observers 
near its path, the object appeared as large 
as the moon. 

Some 800 reports were sent in to the 
Hayden Planetarium, Harvard Observa- 
tory, and the American Meteor Society, 
together forming the largest number of 
reports on one fireball ever received by 
the society’s president, Charles P. Olivier. 
The former director of Flower and Cook 
Observatory, University of Pennsylvania, 
has now completed his analysis of these 
reports, and he presents the results in the 
January 8th issue of Science. 

The radiant of this meteor was in the 
southern constellation Centaurus. It was 
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first observed at an elevation of 69 kilo- 
meters, descending along a gently inclined 
path to disappear 45 kilometers above the 
earth's surface. Probably it disintegrated 
completely in the air, so no sizable mete- 
orites fell to the ground. 

The most remarkable characteristic of 
the meteor, according to Dr. Olivier, was 
its relatively high velocity, such that be- 
fore entering the earth’s atmosphere it 
was traveling around the sun in a hyper- 
bolic orbit, at a speed of 52.7 kilometers 
per second. This would imply that the, 
object was not a member of the solar sys- 
tem, but an interloper from outside. For 
no previous case has this been established 
to the general satisfaction of meteor 
astronomers. 

However, the deduced velocity depends 
critically upon the observed duration. 
The 1938 fireball was not photographed 
with meteor cameras, and the 183 visual 
estimates of duration show a considerable 
spread. After discarding all those under 
4.0 seconds as too short, and six over 43 
seconds as much too long, Dr. Olivier ob- 
tained 9.71 seconds as the average of the 
remaining 145 estimates. Thirty-three of 
within one second of the 


these were 


average. 


RANGE OF RADIO TELESCOPES 

At Sugar Grove, West Virginia, the 
U. S. Navy is building the world’s largest 
steerable radio telescope, having a_ pa- 
raboloidal antenna 600 feet in diameter, 
with a surface area of more than seven 
acres. In an article describing this proj- 
ect {Scientific American, January, 1960), 
Naval Research Laboratory astronomer 
Edward F. McClain points out the fallacy 
in the popular belief that this instrument 
will be able to “see” 40 billion light-years 
into the universe. He writes: 

“In a static universe it could detect a 
bright radio object such as a pair of col- 
liding galaxies at that great distance. But 
in our expanding universe the limit of 
radio observations is in practice the same 
as the limit of observation in the visible 
spectrum — far short of 40 billion light- 
years. It is the red-shift that sets the 
outer boundary on the reach of both 
kinds of telescopes.” 


XENON IN METEORITES 

A meteorite that fell in Richardton, 
North Dakota, 41 years ago contains a 
vital clue concerning the origin of the 
solar system. From analysis of a minute 
trace of the rare gas xenon trapped in 
the meteorite, John H. Reynolds, Uni- 
versity of California physicist, concludes 
that the chemical elements out of which 
the planetary system was formed had 
finished evolving almost five billion years 
ago. 

The crucial observations were made 
with an extremely sensitive mass spectrom- 
eter, which can measure the abundances 
of isotopes in a very small sample. Al- 
though the meteorite was only six tril- 
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lionths xenon by weight, the University 
of California’s instrument permitted de- 
tailed studies of xenon isotopes from but 
a few grams of meteoritic material. 

Xenon from the meteorite contains rela- 
tively more of the isotope having atomic 
weight 129 than any sample of the ele- 
ment previously studied. According to 
Dr. Reynolds, the only possible source of 
most of the Xe” is radioactive decay of 
the iodine isotope of the same atomic 
weight, I’*, which no longer exists on 
the earth. 

After the formation of the elements in 
the solar system, half of the available I” 
decayed into Xe” every 17 million years, 
so this isotope of iodine disappeared early 
in the solar system’s history. However, the 
meteorite was evidently created soon 
enough after the elements were formed to 
contain traces of I". Detailed calcula- 
tions fix this time at 350 million years. 
Since this type of meteorite is generally 
considered to be 4,600 million years old, 
an age of 4,950 million years is inferred 
for the elements as a whole. 


OPTICAL TESTING ON STARS 

A simple, widely used method of test- 
ing a telescope is to compare the appear- 
ance of a star image just inside and out- 
side of focus. If optical aberrations are 
absent, images that are equidistant from 
the plane of best focus should be identi- 
cal in appearance, provided the light rays 
entering the instrument are parallel. 

W. T. Welford, Imperial Coilege, Lon- 
don, has investigated theoretically the 
limiting sensitivity of this test. His calcu- 
lations show that, under ideal conditions, 
sharp localized errors as small as 1/60 
wave length of light might be recognized, 
or errors of 1/20 wave length if they vary 
gradually over the optical surface. In 
comparison, the Foucault knife-edge test 
has a limiting sensitivity in visual tests of 
about 1/20 wave. 

Mr. Welford points out that the highest 
precision can be approached only by a 
very experienced optical worker, using 
an artificial starlike light source under 
laboratory conditions. If an actual star is 
used as the test object, the procedure’s 
sensitivity is adversely affected by imper- 
fect atmospheric seeing conditions. 

This study was published in the Jour- 
nal of the Optical Society of America for 
January. 


NEW HARVARD-SMITHSONIAN 
RESEARCH BUILDING 


A four-story workshop for astronomers, 
containing 40,000 square feet of offices 
and laboratories, is being erected at Har- 
vard Observatory in Cambridge, Massa- 
chusetts. Located just to the east of the 
15-inch refractor’s dome, the F-shaped 
structure is scheduled for completion in 
about a year. 

The new quarters are to be used by 
both Harvard and Smithsonian Astro- 
physical Observatory astronomers, and 





will enable the latter institution to bring 
together its research groups now scattered 
elsewhere in the city. The building will 
contain a high-speed IBM computer for 
use in tracking artificial satellites, a prin- 
cipal activity of Smithsonian astronomers. 


TYCHO BRAHE’S THEORY 
OF THE SOLAR SYSTEM 

Many textbooks contain reproductions 
of the diagram Tycho Brahe published in 
1588 to illustrate his plan of the arrange- 
ment of the solar system. He proposed 
that only the moon and sun revolved 
about the stationary earth, while the other 
planets and comets had orbits around the 
sun. Thus, Tycho’s theory was a com- 
promise between the ancient idea of an 
immovable earth and the sun-centered 
arrangement proposed by Copernicus. 

Until recently, the original Latin text 
of Tycho’s description of his theory had 
not been published in an English ver- 
sion. This has now been done at the 
University of California by Marie Boas 
and A. Rupert Hall, whose translation 
appears in Occasional Notes of the Royal 
Astronomical Society (Vol. 3, No. 21, No- 
vember, 1959). They present the perti- 
nent portion of his long treatise on the 
comet of 1577. 

Tycho’s model eased the way for the 
gradual acceptance of Copernicanism. 
The Danish astronomer demolished the 
traditional belief that the planets were 
carried along by actual spheres of hard 
and impervious material. Comet motions 
indicated to him that the solar system 
bodies were moving freely through space, 
in obedience to natural law, and he even 
suggested that the path of the comet of 
1577 might not be “at all points exqui- 
sitely circular, but somewhat oblong, in 
the manner of the figure commonly called 
ovoid.” Tycho’s assistant, Johannes Kep- 
ler, later applied the idea of elliptical 
orbits to the entire family of planets. 


TEXAS SUMMER WORKSHOP 
FOR HIGH SCHOOL STUDENTS 


Sponsored by the National Science 
Foundation, a summer institute in as- 
tronomy and allied sciences for secondary 
school students will be offered from June 
6th to July 15th by the Pan American 
College, in Edinburg, Texas. Selection of 
participants will be made according to 
academic records and appropriate tests. 
Information may be obtained by writing 
to Observatory and Astro-Science Cen- 
ter, Pan American College, Edinburg, 
Tex., or to the Texas Education Agency, 
Austin, Tex. 


OHIO APPOINTMENT 


Arne E. Slettebak has been named di- 
rector of Perkins Observatory, which is 
operated jointly by Ohio State and Ohio 
Wesleyan universities. He was advanced 
from assistant professor to professor at 
both institutions. Dr. Slettebak is also 
director of OSU’s McMillin Observatory. 





OBSERVING THE SATELLITES 


ASTRONOMICAL OBSERVING FROM 
ABOVE THE EARTH’S ATMOSPHERE 


OCKET-BORNE instruments have al- 

ready given us a foretaste of the re- 
warding observations of the sun and other 
celestial bodies that can be made in far- 
ultraviolet light. The earth’s atmosphere 
is opaque to this region of the spectrum, 
forcing us to observe from rockets that 
can reach extremely high altitudes or 
from artificial satellites. 

However, during the brief flight of a 
rocket, only a few minutes of astronomi- 
cal observation are possible. There would 
be much advantage, therefore, in placing 
a telescope in an artificial satellite that 
would remain aloft for months or years. 
Recent planning for such satellite instru- 
ments was described last December at 
Cleveland, Ohio, in a symposium spon- 
sored by the American Astronomical Soci- 
ety and the National Science Foundation. 

Lyman Spitzer, Jr., Princeton Univer- 
sity Observatory, told of a novel system 
for stabilizing a satellite carrying a 24- 
inch reflecting telescope, to permit expos- 
ing high-dispersion spectrograms for as 
long as 12 hours, with a guiding accuracy 
of 0.1 second of arc. He discussed the 
problems of guidance, pointing, tempera- 
ture control, and reliability of operation. 

Guidance and pointing are closely re- 
lated. In the first, the stability of the 
satellite must be maintained against the 
action of disturbing forces. In the second, 
a torque must be applied to the telescope 
to set it on another part of the sky, yet 
the reaction to this motion must not cause 
the satellite to rotate. 

Radiation pressure of sunlight, which 
might amount to three or four dynes of 
force on a two-meter cube, and the ap- 
proximately equal pressure due to atmos- 
pheric drag at an orbital height of about 
500 miles, would both be dealt with by 
having the center of gravity of the satel- 
lite very close to its geometrical center. 

The one-ton vehicle contemplated by 
Dr. Spitzer would contain 22 pounds of 
iron, which would have to be demagnet- 
ized to minimize torque caused by the 
earth's magnetic field. Furthermore, in- 
homogeneities in the earth’s gravitational 
field can produce tidal torque. This can 
be greatly reduced by making the satel- 


lite’s three principal moments of inertia 
equal to within one part in 1,000. 
Pointing or setting of the telescope will 
probably have to be done rather rapidly, 
during up to 10 minutes of radio contact 
with a ground control station. For a 180- 
degree turn of the telescope, a setting 
time of five minutes might require a 


is that the shell’s spin would not increase 
indefinitely. Eddy currents induced in the 
rotating sphere by the earth’s magnetic 
field would damp the rotation. However, 
at heights much above 500 miles the ter- 
restrial field is too weak to be effective. 

A major problem in operating the tele- 
scope will be getting the proper star on 
the spectrograph slit, especially if the star 
is faint. Three methods have been sug- 
gested. One is to use a television system 
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This inertial sphere is 
proposed by Princeton 
University astronomers 
to stabilize an artificial 
satellite carrying a space 
telescope. Through vary- 
ing the magnetic field 
produced by the coils 
around the aluminum 
sphere, the latter’s ro- 
tation can be changed, 
thereby taking un- 
wanted angular momen- 
tum from the satellite. 
The magnetic field 
strength is inversely pro- 
portional to the separa- 
tion between the lines 
of force and to distance 
from the axis of sym- 
metry. Princeton Ob- 
servatory diagram. 
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torque of 10° dynes per centimeter, and 
this must be counterbalanced by an active 
mechanism. 

Gas jets, which have been used to stabi- 
lize some previous artificial satellites, can- 
not serve for the Spitzer vehicle, because 
its orientation must be controlled for a 
year; the weight of gas to be carried 
would be prohibitive. Hence, for both 
pointing and stabilization, angular mo- 
mentum must be transferred inside the 
satellite. 

The Princeton astronomer proposes a 
spherical aluminum shell, suspended with- 
in the vehicle in a state of weightlessness 
by a variable magnetic field, the latter 
inducing rotation of the shell about any 
axis. As soon as the optical guiding equip- 
ment detects the need for a compensating 
torque, the proper amount of spin will 
be automatically transferred to the alumi- 
num sphere. 

An important advantage of this scheme 
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Expected temperature 
changes will not alter 
the dimensions of the 
space telescope by one 
zi part in a million, thanks 
to this arrangement of 
aluminum and inconel 
tubes, devised by John 
B. Rogerson, Jr. 
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of the type that has worked so well in 
Project Stratoscope, for solar photography 
from an unmanned balloon. Another is 
to have a second telescope that will track 
a neighboring Ist-magnitude star. The 
third procedure would be to set on a 
bright star and then move by differential 
corrections to the position of the faint 
one to be observed. 

As seen from the satellite, the star 
might temporarily be occulted by the 
earth. In order to relocate it after it 
once more becomes visible, an anti-star 
telescope is proposed, pointing to some 
other star in the opposite part of the sky. 

Temperature requirements will be se- 
vere. The phototubes for the guiding and 
sensing systems operate best in cool sur- 
roundings, while batteries require warmth. 
As the sketch of the satellite on page 284 
shows, it would be divided into two sec- 
tions, one containing the batteries and 
electronic package and always turned to- 
ward the sun; the other, containing the 
telescope, guidance system, and inertial 
sphere, would be kept cool by being 
turned away from direct sunlight. The 
two compartments are to be separated 
by a wall of heavy insulation. 

With this arrangement, the tempera- 
ture inside the telescope compartment 
could still vary by about 15 degrees centi- 
grade, because of radiation received from 
the earth. The optical system must be 
constructed so that it will be unaffected 
by such thermal changes. John B. Roger- 
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The Spitzer space-telescope satellite. Princeton Observatory diagram. 


son, Jr., of Princeton, proposes that the 
primary and secondary mirrors of the 24- 
inch Cassegrainian be held together by a 


combination of inconel and aluminum 
tubes, with separate inner and outer 
frames. The principle involved is the 


same as in the pendulum of a tempera- 
ture-compensated clock. With Dr. Roger- 
son’s design, the separation between the 
two mirrors should remain constant to 
one part in a million over the expected 
temperature range — from 178° to 208° 
Kelvin. 

Dr. Spitzer plans to use the 24-inch 
telescope solely for ultraviolet spectros- 
copy, in the wave-length region from 800 
to 3200 angstroms. The spectrum will be 
“read” by pulse-counting photocells, whose 
data will be stored on tape for later trans- 
mission to Earth. The hot star Zeta Persei 
is one of the first choices on the astrono- 
mer’s observing list. 

In the prototype space telescope that 
is depicted here, the axis of the cylin- 
drical housing is perpendicular to the 
24-inch optical axis. The 
smaller sunshield will prevent sunlight 
from falling on the finder or acquisition 
telescope, which has a 10-degree field of 
view. The larger shield is to keep stray 
light from entering the main instrument. 
for the anti-star 


telescope’s 


There is a third screen 
telescope, which is located on the side of 


the cylinder opposite the finder. 
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The main path of light is past the 
secondary mirror downward to the pri- 
mary, from which it is reflected back to 
the secondary and thence to the slit of 
the spectrograph. ‘The small concave grat- 
ing just in front of the primary produces 
a spectrum along the Rowland circle, 
where the intensity at various wave 
lengths will be measured by the five pulse- 
counting photocells. Although the spec- 
trograph slit will be very wide, it is hoped 


that the resolution will be 0.1 angstrom 
per millimeter. 
A small diagonal mirror below the 


secondary will reflect some light to the 
coarse-guidance photocells, and part of 
this beam is to be deflected upward to 
the fine-guidance television camera, which 
has a field of half a degree. ‘The jaws of 
the spectrograph itself will deflect some 
light toward the fine-guidance photocells 
at the upper right. 

Successful operation of this satellite will 
require thousands of individual mechani- 
cal and electronic parts that must func- 
tion properly for long periods. Studies of 
component reliabilities indicate that elec- 
tric motors may typically fail at a rate of 
about 20 per cent per year, vacuum tubes 
at about 10 per cent, and various other 
elements also have a finite probability of 
failure. Hence, Dr. Spitzer pointed to the 
units to be built into 


need for standby 


the vehicle. 


Rocket boosters for the ambitious 
Princeton program will not be available 
for a few years. Meanwhile, late this year 
or early in 1961, an ultraviolet study of 
part of the sky may be made from an 
\erobee rocket, in a program outlined 
by Fred L. Whipple, Smithsonian Astro- 
physical Observatory. A 3-inch f/4 mirror 
will be used in conjunction with standard 
television equipment, the image tube be- 
ing covered by a multicolor mosaic filter. 
At the height of the rocket’s flight, 
about five minutes will be available for 
taking photographs, probably at the rate 
of 30 frames per second. The spectral 
region from a little below Lyman-alpha 
to about 2000 angstroms would be cov- 
ered, and the light from nebulosities and 
bright stars in a strip four degrees wide 
and 150 degrees long would be recorded, 
possibly beginning near Orion. The even- 
tual aim of this program includes a broad 
survey of the entire sky in four colors 
between 1000 and 3000 angstroms. 


MARSHALL MELIN 
Research Station for Satellite Observation 
P. O. Box 4, Cambridge 38, Mass. 


CORRECTION 
In the right-hand diagram on page 91 
of the December, 1959, issue, the arrow- 
heads showing the direction of the moon’s 
motion were reversed by a drafting error. 


AMERICAN ASTRONOMERS 


REPORT 


Here are highlights of some papers presented at the 104th meeting of the American Astronomical Society at 
Cleveland, Ohio, December 27-30, 1959. Complete abstracts will appear in the Astronomical Journal. 


Gas Motions in the Central 
Part of M31 


\t Palomar Observatory, Guido Miinch 
has used the 200-inch reflector to study 
the spectra of gaseous nebulae close to 
the nucleus of the great Andromeda gal- 
axy. Among the most prominent spectral 
features of emission nebulae are bright 
lines at 3726 and 3728 angstroms, due to 
singly ionized With a prime- 
focus spectrograph giving a dispersion of 
66 angstroms per millimeter, Dr. Miinch 


oxygen. 


could observe these oxygen lines out to a 
distance of 50 seconds of arc from the 
center of M31. 

Since the Andromeda galaxy is rotating, 
the nebulosities in one half of it should 
be approaching us, those in the other 
half receding. But the radial velocities 
found by Dr. Miinch show large depar- 
tures from the pattern. ‘The 
gas seems to have a well-defined outward 


rotational 


motion, amounting to 50 kilometers per 
second at a distance of 200 parsecs from 
the nucleus. 
The California 
observations with the spectrograph slit 
placed in various orientations. ‘The non- 
circular nature the Was most 
prominent when the slit was placed along 
the minor axis of the spiral galaxy, a 
position in which rotational effects should 
vanish, since rotation would be at right 
He suggests 


astronomer made_ his 


ol motion 


angles to the line of sight. 
that the observed expansion is taking 
place predominantly in the central plane 
of M3l. 

A similar expansion of gas near the 
center of the Milky Way galaxy has been 
found by Dutch radio astronomers, from 
measurements of the 21-centimeter line of 
interstellar hydrogen (Sky AND TELE- 
SCOPE, May, 1959, page 368). 


Spectral Surveys 
Including the Ultraviolet 

In a joint project, astronomers at Ham- 
burg Observatory in West Germany and 
at Warner and Swasey Observatory in 
Ohio are surveying the northern sky, in 
order to find stars of high intrinsic lumi- 
nosity. Already the two institutions have 
obtained objective-prism plates of nearly 
all Milky Way from Scutum 
through Cygnus to Perseus. 

The Ohio observers use on their 24-inch 
Schmidt telescope an objective prism that 
allows stellar spectra to be recorded to 
wave lengths as short as 3200 angstroms in 
the ultraviolet. Hitherto, most spectral 
classification has been done at consider- 
ably longer wave lengths. ‘The new prism 
(see page 317 of the April, 1959, issue) 
gives a scale of 580 angstroms per milli- 


regions 


meter at the blue hydrogen-gamma line. 

Previously, A. Slettebak and J. Stock 
had published criteria for classifying dif- 
ferent types of stars, derived from ob- 
jective-prism spectra utilizing the ultra- 
violet region and particularly the Balmer 
discontinuity. In the current similar 
work, Case Institute astronomers J. J. 
Nassau and C. B. Stephenson have ob- 
tained results the OB stars and the 
other highly luminous classes that are in 


for 


general good agreement with the earlier 
investigation. They report that they can 
pick out supergiant stars (of luminosity 
classes Ia, Ib, and II) between B7 and GO, 
and giant stars (III) from B7 to 45 and 
also at GO. 

Several varieties spectra 
can be studied advantageously the 
Warner and Swasey photographs. For ex- 
ample, white dwarf stars of type 4 are 
recognizable by their broad hydrogen 
lines, and by the strong ultraviolet exten- 
sion of their continuous spectra. At least 
some A subdwarfs are identifiable by the 
absence of a drop in spectral intensity 
just to the violet of the head of the 
Balmer series, if at the same time the 
hydrogen lines are weak to a degree in- 
dicating a high-luminosity star. 

Drs. Nassau and Stephenson call at- 
tention to peculiarities in the ultraviolet 
spectra of two variable stars, also pictured 
here. RR Lyrae shows the earmarks of 
a higher luminosity than astronomers gen- 
erally assign to variables of this variety. 
The novalike star Z Andromedae presents 
a noteworthy feature: the strong con- 
tinuous emission due to hydrogen, at the 
ultraviolet side of the Balmer head. 

While the inclusion of the ultraviolet 
region is useful in detecting certain vari- 
ables, for example the R Coronae Borealis 
and SS Cygni types at minimum light, 
some other kinds of peculiar stars appear 
normal at the low dispersion used. More- 
over, F subdwarfs escape detection. 

The Milky Way survey includes red 
plates, in the wave-length region 5900- 
7000 angstroms, to eliminate early-type 
hydrogen-emission objects that simulate 
highly luminous OB stars. These plates 
also prove useful in the identification of 
emission-line — stars, 


of abnormal 


on 


planetary nebulae, 
carbon stars, and early M and S stars, all 
with greater certainty than in previous 


infrared surveys. 


Diameters of Lunar Craters 

The number of lunar craters increases 
rapidly with decreasing size, and it has 
been estimated that there are about 
300,000 of them larger than one kilo- 
meter in diameter on the visible hemi- 
sphere of the moon. Some important con- 





These samples of objective-prism spec- 
tra include the ultraviolet region to 
about 3200 angstroms, and were taken 
with the Schmidt telescope of Warner 
and Swasey Observatory. From top to 
bottom they are: 1, an A5 giant; 2, 
RR Lyrae; 3, Z Andromedae; 4, a 
white dwarf; 5, an A2 subdwarf; 6, an 
F2 main-sequence star; 7, an F2 super- 
giant; 8, an A2 main-sequence star; 9, 
an A2 supergiant; and 10, a highly 
luminous OB star. Notice the varia- 
tions in line widths as well as in ultra- 
violet extensions among stars of dif- 
ferent intrinsic luminosities. Case In- 
stitute of Technology photograph. 


March, 1960, Sky AND TELESCOPE 285 





clusions have been drawn by E. J. Opik, 
now at the University of Maryland, from 
the relative numbers of craters of different 
dimensions. 

He selected an area of 465,000 square 
kilometers in the western part of Mare 
[mbrium, and measured the rim-to-rim 
diameters of 812 craters within it, using 
an enlarged print of a photograph taken 
in 1919 with the 100-inch Mount Wilson 
reflector. While some craterlets as small 
as 0.6 kilometer across could be measured, 
Dr. Opik believes his listing includes all 
objects larger than 1.2 kilometers, num- 
bering 733. He found 208 larger than 
2.5 kilometers, 35 of more than 5.4, and 
10 of more than 13 kilometers. 

If these craters were formed by meteoric 
masses striking the moon’s surface with 
velocities of 20 kilometers per second, 
the projectiles would have had diameters 
about 1/20 of those of the cavities they 
produced. On this basis, Dr. Opik could 
compute how many craters of each size 
would have been formed in the 4.5 bil- 
lion years that the solar system has pre- 
sumably existed. 

The agreement between the observed 
and predicted counts is excellent, except 
the few craters much larger than 13 kilo- 
meters in diameter rare than 
expected. Dr. Opik therefore concludes 
that the frequency of meteoritic bodies in 
space, at the earth’s distance from the sun, 
has not varied greatly since the mare was 
formed. Furthermore, the age of the lat- 
ter seems comparable with that of the 
solar system. 


are less 


Are Stars Alike in Different 
Parts of the Universe? 


In studies of star formation and of the 
evolution of galaxies, the following prob- 
lem is basic. Suppose a quantity of 
primitive material is converted into stars. 
The distribution of intrinsic brightnesses 
among these newly formed stars is called 
the initial luminosity function. It tells 
the relative numbers of stars for each 
absolute magnitude, before the stars have 
evolved appreciably. For different stellar 
samples, formed from the same amount of 
matter, but at different times and places 
in the universe, will this function be the 


same? 
Recently a number of astronomers have 





assumed that such a uniformity in fact 
exists. D. N. Limber, of Yerkes Observa- 
tory, has now tested whether this assump- 
tion is consistent with observation, and 
finds strong evidence against it. 

The first step in his investigation was 
to derive the initial luminosity function 
for well-observed stars in the solar neigh- 
borhood and in galactic clusters. ‘Then, 
making use of the modern theory of stel- 
lar evolution, he could predict how the 
mass-to-light ratio of this sample of stars 
would change as the stars aged. 

Next, he compared this changing mass- 
to-light ratio with the observationally 
determined values of the ratio for globu- 
lar clusters and for other galaxies than 
ours. This comparison led to two alterna- 
tives: Either the initial luminosity func- 
tion does differ among stellar systems, or a 
significant fraction of the stellar systems 
in the observable universe is well over 
20 billion years old. An age so great is 
unlikely, according to Dr. Limber, who 
prefers the first alternative. 

He concludes, “It thus appears that the 
form of the initial luminosity function de- 
pends in a marked way upon at least cer- 
tain of the parameters that describe the 
prestellar medium from which stars form 
—parameters such as density, temperature, 
turbulent velocity, magnetic field strength, 
and chemical composition.” 


Older Meteor Streams 


A new class of meteor stream that pro- 
duces long-lasting, sparse showers has 
been revealed by an analysis of photo- 
graphs obtained with Baker super-Schmidt 
cameras in New Mexico. The study was 
reported by G. S. Hawkins and R. B. 
Southworth, Harvard Observatory. 

They first established a criterion by 
which to distinguish members of a stream 
from nonmembers. ‘This criterion, D, 
specifies the difference between the orbits 
of any pair of meteors. Calculated from 
their orbital elements, D approximately 
equals the velocity change that would 
convert one orbit into the other. Hence, 
the smaller the value of D for a pair of 
meteors, the greater is the likelihood that 
they are related. 

For known meteor streams, the differ- 
ences between the mean orbit and orbits 
of the member particles gave an average 


Two of the principals 
at the 104th meeting of 


the American Astro- 
nomical Society were, 
left, Fred Hoyle, St. 
John’s College, Cam- 


bridge University, who 
served as chairman of 
the symposium on astro- 
nomical observations 
from above the earth’s 
atmosphere, and J. J. 
Nassau, Case Institute 
of Technology. Photo- 
graph by James Breck- 


inridge. 


286 Sky anv TeLescope, March, 1960 





value of 0.09 for D, with more than 90 
per cent of the values being 0.20 or less. 

Next, all pairs of orbits for which D 
was not over 0.20 were selected from a 
random set of 360 meteors photographed 
in New Mexico. Some 13 per cent of this 
group had previously been known to 
belong to streams with more than three 
meteors per hour, as counted by a single 
observer. But about 40 per cent more 
were found to be associated, forming 32 
minor streams, only six of which had pre- 
viously been recognized among photo- 
graphic meteors. A control experiment, 
seeking similar groupings among random 
artificial meteors, showed 57 per cent of 
the minor streams to be genuine. 

Meteor showers of the newly recognized 
class are characterized by very broad ra- 
diant areas and the appearance in one 
observer's sky of less than one meteor per 
hour. The Harvard astronomers believe 
that the particles involved in these 
streams have been more affected by per- 
turbations than those in the major 
streams, but have not yet been wholly dis- 
persed into sporadic orbits. 





IONS... 


MAIL:BAG 


a 


FROM THE S+T 





Q. What is meant by the term globule? 

A. Photographs of certain bright nebu- 
lae (page 156, January issue) show small 
dark markings, more or less circular. 
These globules are compact dust clouds, 
with diameters between 10,000 and 100,000 
astronomical units, which many astrono- 
mers believe represent an early stage in 
the formation of stars. 

Q. What are some good double stars 
for a beginner with a 1.6-inch telescope? 

A. Five beautiful yet easy pairs are 
Alpha Canum Venaticorum, Beta Cygni, 
Nu Draconis, Zeta Ursae Majoris, and 
Gamma Virginis. Two other pairs so 
wide as to be easily split in binoculars 
should be examined: Alpha Capricorni 
and Epsilon Lyrae. 

Q. In referring to a double star, what 
do preceding and following mean? 

A. The preceding component of the 
pair is the more westerly, for as the 
earth’s rotation causes the stars to drift 
across the field of a stationary telescope 
it will lead the other component, the 
following one. 

Q. What is the range of light varia- 
tion of Polaris? 

A. Polaris is a Cepheid variable star 
which changes by 0.09 magnitude visually, 
in a period of 3.97 days. In blue light the 
range is 0.14 magnitude. 

Q. Which of the known asteroids can 
come closest to the sun? 

A. The minor planet 1566 Icarus, dis- 
covered in 1949, passes inside the orbit 
of Mercury. When farthest from the sun, 
it is outside the orbit of Mars. W.E.S. 





Amateur Astronomers 


CONTACTING NATIONAL 
ORGANIZATIONS 

Many amateurs are interested in afhili- 
ating with a national organization. Infor- 
mation may be obtained from the officers 
listed here. 

American Association of Variable Star 
Observers. Mrs. Margaret W. Mayall, Di- 
rector, AAVSO, 4 Brattle St., Cambridge 
38, Mass. 

American Meteor Society. Dr. Charles 
P. Olivier, President, AMS, 521 N. Wynne- 
wood Ave., Narberth, Pa. 

Association of Lunar and Planetary Ob- 
servers. Walter H. Haas, Director, ALPO, 
Pan American College Observatory, Edin- 
burg, Tex. 

Astronomical League. Mrs. Wilma A. 
Cherup, Executive Secretary, AL, 4 Klop- 
fer St., Pittsburgh 9, Pa. 

Western Amateur Astronomers. Walter 
J. Krumm, Chairman, WAA, 10628 Larry 
Way, Cupertino, Calif. 





OMAHA, NEBRASKA 

At two successive hobby exhibitions, the 
Omaha Astronomy Club’s planetarium has 
been an exceptionally popular attraction. 
The projector was constructed by David 
Solzman, our immediate past president, 
and the dome was made by club members 
under the direction of Leo Baum. 

By arrangement with the Northern 
Natural Gas Co., which owns the former 
American Legion building, the plane- 
tarium will shortly be installed there 
permanently. Our society is also to have 


A NEBRASKA PLANETARIUM 

WITH AN UNUSUAL ENTRANCE 

ISITORS to the McDonald Planetari- 
um in the Hastings, Nebraska, Mu- 
seum have been quite attracted by its 
entrance, a 10-foot-high model of the 
moon with a garage-type door cut into it. 

The model required the work of four 
men for five days to place the details on 
its surface. It was copied from lunar 
photographs. ‘The overhead door moves 
on guide rails. 

The planetarium was a gift to our city 
by the J. M. McDonald Foundation, and 
was dedicated in September, 1958. It 
houses a Spitz projector under a 24-foot 
dome, the air-conditioned chamber ac- 
commodating 100 children or 75 adults. 

There are public showings each day at 
4 p.m., with additional demonstrations on 
Saturday and Sunday at 2 o'clock. School 
groups are admitted free at times other 
than the regularly scheduled programs, 
and we have had classes come from as far 
as 150 miles away. Each show takes about 


a W. E. EIGSTI 
McDonald Planetarium 
Hastings, Neb. 


a meeting room and optical workshop. 
We now have 80 members and 15 tele- 
scopes. Monthly public star parties usually 
bring out from seven to 10 instruments 
and from 300 to 500 persons. Presently 
we meet on the second and fourth Sun- 
days of the month in the Joslyn Memorial 
Museum at 2:30 p.m. 
ALEXANDER McDONOUGH 
710 N. 58th St. 
Omaha 32, Neb. 


THIS MONTH’S PROGRAMS 

Baltimore, Md.: Baltimore Astronomi- 
cal Society, 8 p.m., Central Pratt Library. 
March 21, Mrs. Grace Scholz Spitz, ““The 
New Role of Astronomy in Science and 
Industry.” 

Cleveland, Ohio: Cleveland Astronomi- 
cal Society, 8 p.m., Warner and Swasey 
Observatory. March 11, Dr. K. A. Strand, 
U. S. Naval Observatory, “Star Clusters.” 

Dallas, Tex.: Texas Astronomical So- 
ciety, 8 p.m., Health and Science Museum 
Planetarium. March 28, Charles S. Frazier, 
“Outline of Summer Observing Program.” 

New York, N. Y.: Amateur Astronomers 
Association, 8 p.m., American Museum of 
Natural History. March 2, Dr. Arthur 
Beiser, New York University, ““The Earth’s 
Magnetic Personality.” 

New York, N. Y.: Junior Astronomy 
Club, 8 p.m., Waverly building, New York 
University. March 18, Mrs. Margaret W. 


GEORGIA AMATEUR DIES 

Patrick O. Parker, secretary of the 
Southeast Region of the Astronomical 
League, passed away January 8th at At- 
lanta, Georgia. The 73-year-old amateur 
was a member of the Atlanta Astronomy 
Club and the American Association of 
Variable Star Observers. 





YUCAIPA, CALIFORNIA 

A new group in southern California is 
the 10-member Yucaipa Amateur Astrono- 
mers. The secretary is Charles M. Tapley, 
33089 Yucaipa Blvd., Yucaipa, Calif. 


Mayall, American Association of Variable 
Star Observers, ‘Observing Variable 
Stars.” 

Philadelphia, Pa.: Rittenhouse Astro- 
nomical Society, 8 p.m., Franklin Insti- 
tute. March 11, Dr. Raynor L. Dun- 
combe, U. S. Naval Observatory, “Modern 
Navigation Methods.” 

Pittsburgh, Pa.: Amateur Astronomers 
Association of Pittsburgh, 8:15 p.m., Buhl 
Planetarium. March 11, J. Mullaney and 
G. Doschek, “Lunar and Planetary Re- 
search.” 

Syracuse, N. Y.: Syracuse Astronomical 
Society, 8 p.m., Steele Hall, Syracuse Uni- 
versity. March 24, motion picture, How 
Many Stars? 

Washington, D. C.: National Capital 
Astronomers, 8:15 p.m., Commerce De- 
partment auditorium. March 5, Dr. R. 
Glenn Hall, U. S. Naval Observatory, 
“The Determination of Time.” 





The McDonald Planetarium in Hastings, Nebraska, has a 10-foot model of the 
moon for its entry. Hastings Museum photograph. 
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Planetarium Notes 


(Most planetariums give group and 
special showings by appointment.) 


BALTIMORE: Davis Planetarium. Mary- 
land Academy of Sciences, Enoch Pratt Li- 
brary Building, 400 Cathedral St., Baltimore 
1, Md., Mulberry 5-2370. 

ScHEDULE: (Sept.-June), Thursday, 7:15. 
7:45, 9 p.m.; Saturday, 2 and 3 p.m. Ad- 
Spitz Director, 


mission free. projector 


Paul S. Watson. 
BLOOMFIELD HILLS, MICH.: Mc- 


Math Planetarium. Cranbrook Institute of 
Science, Bloomfield Hills, Mich. 

SCHEDULE: Saturday and Sunday, 2:30 
and 3:30 p.m.; Wednesday, 4 p.m. Spitz 


projector. In charge, James A. Fowler. 


BOSTON: Charles Hayden Planetarium. 
Museum of Science, Science Park, Boston 
14, Mass., Richmond 2-1410. 

SCHEDULE: Tuesday through Friday, 11 
a.m. and 3 p.m.; Friday, 8 p.m.; Saturday. 
11 am., 2 and 3:30 p.m.; Sunday, 1:30. 
2:45, and 4 p.m. Korkosz projector. Di- 
rector, John Patterson. 


CHAPEL HILL, N. C.: Morehead Plane- 
tarium. University of North Carolina, Chapel 
Hill, N. C. 

SCHEDULE: Daily, 8:30 p.m.; also at 11 
a.m. and 3 p.m. Saturday, 3 and 4 p.m. Sun- 
day. Zeiss projector. Manager, A. F. Jenzano. 


CHARLESTON, W. VA.: Hillis Town- 
send Planetarium. Children’s Museum, Pub- 
lic Library Building, Charleston, W. Va. 

ScHEDULE: Saturday, 11 a.m. Admission 
free. Spitz projector. Director, Mrs. R. L. 
Sullivan. 


CHATTANOOGA, TENN.: Clarence T. 
Jones Observatory. University of Chatta- 
nooga, Brainerd Rd., Chattanooga, Tenn., 
MA 2-5733. 

ScHEDULE: Friday, 8 p.m. Admission 
free. Jones projector. Astronomer in charge, 
Karel Hujer. 


CHICAGO: Adler Planetarium. 900 E. 
Achsah Bond Dr., Chicago 5, IIl., Wabash 
2-1428. 

ScHEDULE: Monday through Saturday, 


11 am. and 3 p.m.; Tuesday and Friday, 
8 p.m.; Sunday, 2 and 3:30 p.m.; Tuesday 
through Friday, 10 a.m., special school pro- 
gram. Zeiss projector. Director, Robert I. 
Johnson. 


COLORADO SPRINGS: Academy Plan- 
etarium. U. S. Air Force Academy, Colorado 
Springs, Colo., Granite 2-2779. 

SCHEDULE: Wednesday, 8 p.m.; Satur- 
day, 2:30 p:m.; Sunday, 2 and 3:15 p.m. 
Admission free. Spitz Model B projector. 
Director, Maj. Richard J. Pfrang. 


DALLAS: Dallas Planetarium. 
Health and Science Museum, Fair 
Dallas 10, Tex., HA 8-8351. 

SCHEDULE: Saturday and Sunday, 3 p.m. 
Spitz projector. Education co-ordinator, Wil- 
liam C. Sibley. 


DENVER: Denver Museum of Natural 
History Planetarium. City Park, Denver, 
Colo., East 2-1808. 

SCHEDULE: Saturday and Sunday, 12:30, 
1:30, 2:30, and 3:30 p.m.; Monday through 
Friday, 3:30 p.m. Spitz projector. Curator, 
Robert E. Samples. 


Dallas 
Park, 
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FLINT, 


Planetarium. 


MICH.: Robert T. Longway 
Flint Junior College, 1310 E. 
Kearsley St., Flint 3, Mich., Cedar 8-1631. 
SCHEDULE: Tuesday through Sunday, 
8 p.m.; Saturday and Sunday, 2 p.m. Spitz 
Model B projector. Director, Maurice G. 
Moore. 


FT. WORTH: Charlie M. Noble Plane- 
tarium. Ft. Worth Children’s Museum, 1501 
Montgomery, Ft. Worth, Tex., PE 2-1461. 

SCHEDULE: Saturday, 11 a.m., 2:30 and 
3:30 p.m.: Sunday, 2:30 and 3:30 p.m. 
Spitz projector. Supervisor, Norman C. Cole. 


HASTINGS, NEB.: McDonald Planetari- 
Hastings Museum, Hastings, Neb. 
Monday through Friday, 4 
p.m.; Saturday and Sunday, 2 and 4 p.m. 
Spitz projector. Director, W. E. Eigsti. 


INDIANAPOLIS: Holcomb Planetarium. 
Butler University, Indianapolis 7, Ind. 

SCHEDULE: Saturday and Sunday, 4 and 
8 p.m. Spitz projector. Director, H. Crull. 


KANSAS CITY: Kansas City Museum 
Planetarium. 3218 Gladstone Blvd., Kansas 
City 23, Mo., Humboldt 3-8000. 

ScHEDULE: Saturday and Sunday, 3 p.m. 
Spitz projector. Director, Wilber E. Phillips. 


LANCASTER, PA.: North Museum and 
Planetarium. Franklin and Marshall College, 
Lancaster, Pa. 

SCHEDULE: Tuesday and Thursday. 8 
p.m.; Saturday and Sunday, 2 and 3 p.m.: 
Tuesday, Thursday, and Friday, 9:15 and 
10:15 a.m., special school program. Admis- 
sion free. Spitz projector. Curator, John W. 


um. 
SCHEDULE: 


Price. 


LAQUEY, MO.: Tarbell Planetarium. 
Inca Cave Park, Laquey, Mo. 

ScHEDULE: Sunday, 1 to 6 p.m., con- 
tinuous. Spitz projector. Director, E. D. 
Tarbell. 


LOS ANGELES: Griffith Observatory 
and Planetarium. Griffith Park, P. O. Box 
27787, Los Feliz Station, Los Angeles 27, 
Calif., Normandy 4-1191. 

SCHEDULE: Daily (except Monday), 3:30 
and 8:30 p.m.; also 2 p.m. Saturday and 
Sunday. Zeiss projector. Director, C. H. 
Cleminshaw. 


MEMPHIS, TENN.: Memphis Museum, 
233 Tilton Rd. at Central Ave., Chickasaw 
Gardens, Memphis 11, Tenn., GL 2-4732. 

SCHEDULE: Saturday, 2 and 2:45 p.m.; 
Sunday, 2, 2:45, and 3:30 p.m. Admission 
free. Spitz projector. 
Donn P. Quigley. 


MINNEAPOLIS: Science Museum. Min- 
neapolis Public Library, 1001 Hennepin 
Ave., Minneapolis 3, Minn. 

SCHEDULE: Saturday, 10 a.m. and 2 p.m. 
Admission free. Spitz projector. Planetarium 
director, Mrs. Maxine .B. Haarstick. 


NASHVILLE, TENN.: Sudekum Plane- 
tarium. Children’s Museum, 724 2nd Ave. 
S., Nashville 10, Tenn., Chapel 2-1858. 

SCHEDULE: Sunday, 2:45, 3:30, 4:15 
p.m. Spitz projector. Director, Jacqueline 
Avent. 


NEWARK: Newark Museum Planetar- 
ium. 49 Washington St., Newark 1, N. J., 
Mitchell 2-0011. 

SCHEDULE: Saturday, Sunday (except 
Ist Sunday of month), and holidays, 2:30 
and 3:30 p.m. Admission free. Spitz pro- 
jector. Supervisor, Raymond J. Stein. 


Educational director, 





NEW YORK CITY: 


Hayden Planetarium. 


American Museum- 
8lst St. and Central 
Park West, New York 24, N. Y., Trafalgar 
3-1300. 


ScHEDULE: Monday. 2 and 3:30 p.m. 
Tuesday through Friday, 2, 3:30 and 8:30 
p.m.; Saturday, 11 a.m., 1, 2, 3, 4, 5 and 


8:30 p.m.; Sunday and holidays, 1, 2, 3, 4, 


5 and 8:30 p.m. Zeiss projector. Chair- 

man, J. M. Chamberlain. 
PHILADELPHIA: Fels Planetarium. 

Franklin Institute, 20th St. at Benjamin 


Franklin Parkway, Philadelphia 3, Pa., Lo- 
cust 4-3600. 

SCHEDULE: Tuesday through Sunday, 3 
p.m.: Saturday, 11 a.m.; Saturday, Sunday, 
and holidays, 2 p.m.: Wednesday and Fri- 
day. 8 p.m. Zeiss projector. Director, I. M. 
Levitt. 


PITTSBURGH: Buhl Planetarium and 
Institute of Popular Science. Federal and 
West Ohio Sts., Pittsburgh 12, Pa., Fair- 
fax 1-4300. 

SCHEDULE: Daily, 2:15 and 8:30 p.m; 
also at 11:15 a.m. Saturday and 4:15 p.m. 
Sunday. Zeiss projector. Program director, 
Arthur L. Draper. 


PROVIDENCE: Roger Williams Plane- 
tarium. Roger Williams Park Museum, 
Providence 5, R. I., Williams 1-5640. 

SCHEDULE: Saturday, 3 p.m.; Sunday 
and holidays, 3 and 4 p.m. (Oct. 1-May 30). 


Admission free. Spitz projector. Director, 
Maribelle Cormack. 
ST. PETERSBURG, FLA.: St. Peters- 


burg Junior College Planetarium. St. Peters- 
burg 10, Fla. 

SCHEDULE: Monday, 8 p.m.; Thursday, 
4 p.m. (except school holidays). Spitz pro- 
jector. Director, Elizabeth James. 


SAN FRANCISCO: Morrison Planetar- 
ium. California Academy of Sciences, Gold- 
en Gate Park, San Francisco 18, Calif., 
Bayview 1-5100. 

SCHEDULE: Daily (except Monday and 
Tuesday), 3:30 and 8:30 p.m.; also 2 p.m. 
Saturday, Sunday, and holidays. Academy 
projector. Curator, George W. Bunton. 


SAN JOSE, CALIF.: Rosicrucian Plane- 
tarium and Science Museum. Park and Nag- 
lee Aves., San Jose, Calif. 


ScHEDULE: Sunday and Wednesday, 2 
and 3:30 p.m. Spitz projector. Director, 
Rodman R. Clayson. 

SANTA BARBARA, CALIF.: Gladwin 


Planetarium. Museum of Natural History, 
2559 Puesta del Sol Rd., Santa Barbara, 
Calif., WO 6-6720. 

SCHEDULE: Ist and 3rd Monday, 3 p.m.; 
2nd and 4th Thursday, 8 p.m. Admission 
free. Spitz projector. Lecturer, C. Adair. 


SPRINGFIELD, MASS.: Seymour Plan- 
etarium. Museum of Natural History, 
Springfield 5, Mass. 

ScHEDULE: Tuesday, Thursday, and Sat- 
urday, 3 p.m.; also 8:30 p.m. Tuesday; 
special star stories for children, Saturday, 
2 p.m. Admission free. Korkosz projector. 
Director, F. Korkosz. 


STAMFORD, CONN.: Edgerton Plane- 
tarium. Stamford Museum and Nature 
Center, Stamford, Conn., Davis 2-1646. 

SCHEDULE: Saturday, 11 a.m. and 3:15 
p.m.; Sunday, + p.m. Spitz projector. Di- 
rector, Ernest T. Luhde. 
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MASTERPIECES 
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This Deluxe 6-inch model 
has removable tripod inside 
its massive 45 lb. pier 
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You'll find these 
fully professional features 

in every Custom DYNASCOPE®! 
@ Exquisite optical systems, fully 


achromatic and corrected to meet the 
most critical research standards. 


















@ Massive equatorial mounts that 
provide exceptional stability and em- 
body the latest mechanical refine- 
ments for ease of operation. 


CUSTOM 
DYNASCOPES 


in your choice of 
6”-8”-10’-12”-16” models 









@ Full sets of matched orthoscopic 
and achromatic eyepieces with wide 
flat fields sharp to extreme edges. 









@ Needle bearings carefully fitted on 
substantial shafts to assure move- 
ments so fine that they equal the ease 
and precision of a fine watch. 











@ Lifetime materials throughout, for 
atmospheric resistance and dimen- 
sional stability. 









@ Fully rotating tubes, with counter- 
poise to provide perfect balance dur- 
ing rotation. 


Every Custom DYNASCOPE — from 6” to 16” — is designed and 
built to meet such high standards and exacting specifications that it 
is the overwhelming choice of schools, colleges, universities, and 
many well-known professional astronomers. Each of these magnif- 
icent instruments incorpérates features that are years ahead in 
optical engineering, yet based on time-tested principles. Each is 
painstakingly produced and assembled by craftsmen who put careful 
workmanship before speed. Each is required to pass, flawlessly, a 
long series of rigid performance and operational tests. Nothing is 
overlooked to make sure that these superb telescopes are the finest 
in their class, regardless of price. Whichever size you select, we 
guarantee that it must measure up to this standard or your purchase 
price will be refunded in full. You can order with absolute confi- 
dence ...and with the exciting expectation of new thrills and new 
experience ahead. 

Ask About Our ‘‘Easy-To-Own’”’ Payment Plan 


YOURS FREE: This Colorful Brochure 
Before you decide on any telescope, send today for this 
fascinating new booklet that gives you the full specifica- 
tions and prices of all Custom DYNASCOPES, plus helpful 
information to guide you in selecting your next telescope. 
A postcard will bring your copy FREE! 






@ Rotary secondary supports to min- 
imize diffraction. 






@ Exclusive Dyna-mesh rack and 
pinion focus for smoother, more ac- 
curate focusing action. 






@ Two-way pier tripods (Pat. Pend- 
ing) in 6-inch and 8-inch models. 45- 
pound pier can be mounted perma- 
nently. Portable tripod is instantly 
removable for field trips. 








e@ Highly accurate electric drives, 
free from backlash, with fully com- 
pensating clutch. 






@ 8x50 coated achromatic finder- 
scopes with crosshairs and extra- 
large 6° fields. 


@ 7”-diameter setting circles spoked 
for easy setting. Graduated with ver- 
niers. 











@ Fully adjustable to all latitudes. 


6-INCH STANDARD DYNASCOPE° 6-INCH DELUXE DYNASCOPE® 


As Above But Without Electric Clock 
Drive, Setting Circles and Pier $265 complete $475 complete a 


f.o.b. Hartford, Shipping Wt. 80 Ibs. 


CRITERION Manufacturing Co. - MANUFACTURERS OF QUALITY OPTICAL INSTRUMENTS 
Dept. D-35, 331 Church St., Hartford 1, Connecticut 


©Copyright 1959 Criterion Mfg. Co. ®TM Registered U.S. Pat. Office 
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Be Certain of Optical Excellence — Buy UNITRON 








UNITRON 6” AND 4” MODELS 





UNITRON 6” and 4” Model 166V. 


There are UNITRON 6” models priced from 
$5125 to $6075. Write for Bulletin 600. 


HOW TO ORDER A UNITRON 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven‘t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you 
receive the instrument, and if you should want to pay 
the entire balance due at that time, the carrying charge 
is canceled. (6 models available on special plan.) 


HAS IT OCCURRED TO YOU? 


There is much to recommend a UNITRON 
Refractor as the logical choice for the ama- 


teur astronomer. A UNITRON, optically 
speaking, duplicates the performance of 
larger telescopes of other types. With its 


long focal length, higher magnifications of 
planetary and lunar images are obtained with 
low-power eyepieces. Moreover, there are no 
mirrored surfaces to become oxidized, no 
components which require periodic alignment, 
no secondary optics to cause diffraction pat- 
terns, and no folding of the light back on 
itself through turbulent air with consequent 
loss of definition. No wonder that you see 
more and see better with a UNITRON — the 
telescope that has withstood the test of time. 


Note These UNITRON Features 


@ LENSES are FULLY CORRECTED for spherical and 
chromatic aberration and are COATED for maximum bril- 
liance and clarity of image. Optics especially designed 
for astronomical observation. AIR-SPACED OBJECTIVES. 


@ EYEPIECES of the HIGHEST QUALITY: Orthoscopic, 
Achromatized Symmetrical, Kellner, Huygens. Three to 
ten eyepieces included with each instrument. 


@ EQUATORIAL MODELS have slow-motion controls for 
both declination and right ascension as well as con- 
venient clamps on both axes. Sturdy TRIPOD (or PIER). 


@ ALTAZIMUTH MODELS have slow-motion controls for 
both altitude and azimuth as well as clamps for both 
co-ordinates. Sturdy TRIPOD. 


@ RACK-AND-PINION FOCUSING. 
@ VIEW FINDER with 


@ Choice of UNIHEX Rotary Eyepiece Selector or STAR 
DIAGONAL and ERECTING PRISM for TERRESTRIAL OB- 
SERVATION. The same complete range of terrestrial 
magnifications as for celestial observation. 


@ SUNGLASS for solar observation. 


crosshair eyepiece. 


Higher- and lower-power eyepieces available for 
all models. Prices include basic accessories, tripo 
and mounting, fitted wooden cabinets, and operating 
instructions. Additional accessories available to add 
further to your observing pleasure. 








New UNITRON View Finders 











UNITRON’s popular view finders with newly designed optics and mechanical features are better than ever; 
from left to right: 23.5 mm., 30 mm., 42 mm. 


1. VIEW FINDER (As used on UNITRON 2.4’ Models): 
23.5-mm. (.93’’) achromatic objective, 6x eyepiece with 
crosshairs. Chromed brass tube. Mounting brackets with 


centering screws. Only $8.50 postpaid 


2. VIEW FINDER (As used on UNITRON 3” Refrac- 
tors): 30-mm. (1.2’’) coated achromatic objective and 
8x eyepiece with crosshairs. Other details as in View 
Finder 3. 


Only $10.75 postpaid 


UNITRON 


3. VIEW FINDER (As used on UNITRON 4” Refractors): 
42-mm. (1.6’‘) coated achromatic air-spaced objective. 
10x eyepiece with crosshairs. Duralumin tube finished 
in white enamel. Dewcap. Furnished with mounting 
brackets, centering screws for collimation, and mounting 
screws. This finder measures approximately 16’ over- 
all. It is light in weight, compact and small enough for 
use as a hand telescope furnishing spectacular wide-field 


views of the sky 
Only $18.00 postpaid 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 
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MANY Models To Choose From! 


2 SATELLITE ($7.50 Down) 6x, diagonal $75 
eyepiece, altazimuth mount with circles, stand 

1.6 ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 

2.4’ ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4’ EQUATORIAL ($22.50 Down) $225 
with eyepieces for 129x, 100x, 72x, 50x, 35x 

3’ ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 

3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 

3’ PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 

4’ ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 

4’ EQUATORIAL ($78.50 Down) with $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4” PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4" EQUATORIAL with clock drive $985 
($98.50 Down), Model 160V, eyepieces as above 

4” EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 

4" PHOTO-EQUATORIAL with clock drive and $1175 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

4" PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), eyepieces for 375x, 
300x, 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

5’ PHOTO-EQUATORIAL with clock drive and $2275 
Astro-camera ($227.50 Down), eyepieces for 500x, 
400x, 333x, 286x, 222x, 160x, 111x, 80x, 50x, 33x 

6” EQUATORIAL with clock drive, pier, $5125 
2.4 view finder, with eyepieces for 625x, 500x, 
416x, 375x, 277x, 200x, 138x, 100x, 62x, 42x 


Get UNITRON’s FREE 





Observer's Guide and Catalog on 


NOMICAL TELESCOPES 





ASTRO 


This valuable 38-page book 
is yours for the asking! 





With artificial satellites already launched and space 
travel almost a reality, astronomy has become today’s 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON’s handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs, 












Contents include — 


Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 
Amateur clubs and research 
programs 






INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET * BOSTON 9, MASS. 





Please rush to me, free of charge, UNITRON's new Observer's 








Guide and Telescope Catalog 20-Z. 

E Name | 
Street 

| City State ae | 
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Deep-Sky Observers 


An extremely 
fine, imported 
Zuiho binocular 


with a wide field 
of view — 102°! 


$35.00 


Tax Paid 





Complete with beautiful case. Delivered anywhere 
in the Continental United States. 


mm. Net weight, 950 grams. Weight of pigskin 
case, 400 grams. 

We have sold hundreds of pairs of these binocu- 
lars with the utmost satisfaction. They are uncon- 
ditionally guaranteed. If not pleased, return them 
and your money will be immediately refunded. 


Before you buy or trade a 
telescope or radio amateur 
gear, see WARD W2FEU 


for the best deal. 





Established 1936 


ADIRONDACK 
RADIO SUPPLY 


P. O. Box 88, Amsterdam, N. Y. 
Ward J. Hinkle, W2FEU Owner 














Charles Frank presents 


The New URAMETON 
8'h-inch NEWTONIAN 


REFLECTOR 


fot 








sby | 
feulehe extra KEITH M. DONALD | 


Approved by 
Britain’s Leading 
Astronomers and 
Observers 


Full Technical 
Details on 
Request 


Range of magnification, | 
50x — 600x. The pre- 

cision aluminized f/6 pa- 
raboloidal mirror is of 
pyrex low-expansion glass. 
The equatorial mounting 
is equipped with slow 
motions in right ascen- 
sion and eclination. 
Weight 360 pounds. 





Also available is the 
CHARLES FRANK 4-inch 
Newtonian Reflector. An equatorially mounted telescope 
with a precision f/8 aluminized 
spherical mirror. Has the famous 





6-element Erfle ocular, considered Freight | 
one of the world’s finest flat-field $91 charges | 
eyepieces. Magnification, 50x. at cost | 


FRANK’S BOOK OF THE TELESCOPE | 
132 pages, illustrated. ........csseeseeeee $1.00 ppd. | 
| 


CHARLES FRANK 


67-75 SALTMARKET, GLASGOW C. 1, SCOTLAND | 
Scientific instrument makers since 1907 and actual | 
makers of telescope mirrors, flats, etc. Britain’s great- 

est stockist of New, Used, and Ex-Gov’t. Binoculars and 

Telescopes. Catalogue on request. 





Jr., at 


AMERICAN TYPE WIDE ANGLE x 
7x 35 Central Focus 
SPECIFICATIONS 

Magnification, 7x. Objective aperture, 35 mm. || 

Eyepiece aperture, 24 mm. Exit pupil, 5 mm. 

Field of view at 1,000 yds., 551 ft. Field-of-view 

angle, 10.5°. Height, 128 mm. Breadth, 195 || 





OBSERVER’S PAGE 


Universal time (UT) is used unless otherwise noted. 


COMET BURNHAM 1959K 


NEW COMET that will probably 

be a naked-eye object is to mark the 
morning sky this spring. This is Comet 
1959k, discovered by Robert Burnham, 
Lowell Observatory, Flagstaff, 
Arizona, on December 30th, when it was 
a very faint diffuse object in eastern 
Pisces. It is in retrograde motion around 
the sun, in an orbit inclined 160 degrees 
to the ecliptic, according to orbit calcula- 
tions by B. G. Marsden, Yale University 
Observatory. 


Information for observers is found in 
Harvard Announcement Card 1467 (be- 
low). The ephemeris gives the comet’s 
right ascension and declination for se- 
lected dates. Columns headed A and r 
give distances, in astronomical units, from 
the earth and sun, respectively. Each 
magnitude entry has two values, the first 
for visual observers with small instru- 
ments. The other, referring to the comet’s 
nuclear region alone, applies to short- 
exposure positional photography. 





HARVARD COLLEGE OBSERVATORY 
ANNOUNCEMENT CARD 1467 





tory, writes: 


nearer that time.’’ 


T 1960 March 20.9623 E.T. 





January 27, 1960 


— 


Comet Burnham (1959k).— Dr. B. G. Marsden, Yale Observa- 
‘Improved parabolic elements have been obtained 
from observations December 30 to January 18. The accompany- 
ing ephemeris is intended primarily for the guidance of ob- 
servers who may wish to plan physical observations during the 
period of greatest brightness of the comet (perhaps 3"). Owing 
to the rather short arc on which the orbit was based the 
ephemeris may be somewhat in error at the time of the closest 
approach of the comet to the Earth, and it is therefore hoped 
that it will be possible to publish a more accurate ephemeris 


Elements 


q 0.503058 Q 251.9533 
i 159.5864 
Ephemeris 
1960 E.T. a (1950.0) 6 A r Mag. 
h m ° 
Feb. 16.0 0 014 —8 18 1.598 0.918 8,16 
26.0 23 47.7 9 48 
Mar. 7.0 23 32.0 11 15 1.570 0.603 5,14 
17.0 23 12.9 12 21 
27.0 22 52.6 12 05 1.162 0.524 3,14 
Apri. 1.0 22 43.5 10 58 
6.0 22 35.3 8 50 0.829 0.631 3,15 
11.0 22 274 — 5 05 
16.0 22 184 +41 46 0.479 0.785 3,15 
18.0 22 13.8 6 10 
20.0 22 07.7 12 15 0.348 0.851 3,14 
22.0 21 59.1 20 54 
24.0 21 45.0 33 20 0.242 0.919 3,14 
26.0 21 17.3 50 19 
27.0 20 50.2 59 57 0.205 0.971 3,13 
28.0 19 59.7 69 12 
29.0 18 15 76 10 0.212 1.005 3,13 
30.0 15 29 77 «+39 
May 1.0 13 20 73 «57 0.245 1.039 3,13 
2.0 12 32.0 68 53 
3.0 12 01.8 64 03 0.293 1.073 4,13 
4.0 11 43.9 59 48 
5.0 11 32.2 56 10 0.352 1.108 5,14 
6.0 11 24.1 53 04 
8.0 11 13.5 48 08 0.448 1.159 6,14 
10.0 11 07.2 44 24 
12.0 11 03.0 41 31 0.586 1.226 7,15 
14.0 11 00.2 39 13 
16.0 10 58.2 37 21 0.727 1.294 8,15 
21.0 10 55.7 33 52 
26.0 10 55.0 +31 26 1.084 1.459 10,16 


w 306°.7438 


} 1950.0 


Frep L. WHIPPLE 
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Comet Burnham is approaching the 
sun, and is to be at a minimum distance 
of 47 million miles from it on March 20th. 


At that time, the comet will be in 
Aquarius and so near the sun in the sky 
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The path of Comet 1959k from Febru- 
ary to early May this year, as it passes 
from the southern sky across the north- 
ern circumpolar constellations. Each 
tick mark indicates the position for 
one of the ephemeris dates on the fac- 
ing page. Late in April, when the 
comet comes closest to Earth, it will 
appear to move at the unusually fast 
rate of 10 degrees per day. The cluster 
in Cygnus near the comet’s path in 
late April is M39. 





Comet Burnham 1959k, 
on January 18th (left) 
and 28th, photographed 
by Elizabeth Roemer 
with the Naval Observa- 
tory’s 40-inch reflector. 
The exposures were 24 
and 30 minutes, respec- 
tively, and made in blue 
light. On both repro- 
ductions, one millime- 
ter is nearly 10 seconds 
of arc, or about 7,000 
miles at the comet’s dis- 
tance. Official U. S. 
Navy photographs. 


as to be invisible. By the end of March, 
Comet 1959k will become visible in the 
morning twilight. While Mr. Marsden has 
tentatively predicted the magnitude as 3 
then, he emphasizes the great uncertainty 
in any forecast of comet brightnesses; 
observers should be prepared to find the 
comet perhaps as faint as magnitude 6. 

During April, Comet Burnham will 
move very rapidly from Aquarius across 
Pegasus and northeastern Cygnus to the 
Draco-Ursa Minor boundary by month's 
end. For observers in latitude 40° north, 
the comet becomes circumpolar about 
April 26th, and it will be nearest to the 
earth (about 20 million miles) on the 
following day. 

Throughout April, the brightness of 
the comet is expected to change scarcely 
at all, its increasing distance from the sun 
being offset by lessening distance from 





DE LUXE 
SKYSCOPE 
As illustrated — with new plastic 


tube, 6x finder, heavy all-metal tri- 
pod, equatorial mounting, and 60x 


eyepiece. 
Price $44.75 
Unconditionally guaranteed. 
100% American made. 


Write for free brochure showing our 
standard model which has been sold 
world-wide for over 20 years. Sky- 
scope still remains outstanding in 
value by any comparison. 


THE SKYSCOPE CO., INC. 
P. O. Box 55S, Brooklyn 28, N. Y. 











the earth. During 1959k’s close approach 
to the earth, the predicted positions in 
the sky may be as much as two degrees in 
error, according to Mr. Marsden, whose 
ephemeris is based only on observations 
up to January 18th. 

In May, as the comet crosses the bowl 
of the Big Dipper and enters Leo, it will 
fade rapidly, since it then will be receding 
from both the earth and the sun. Never- 
theless, it should still be within reach of 
fair-sized amateur telescopes at the end 
of that month. 

The few early observations available 
show the beginnings of the ‘expected 
growth of Comet Burnham. On January 
2nd, when Henry Giclas photographed it 
with the 13-inch refractor of Lowell Ob- 
servatory, the comet was 14th magnitude, 
diffuse and without any central condensa- 


tion. The accompanying photographs 
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THE 


MUSSETTER 
CHRONOGRAPH 


Battery-Operated 
and Portable 


Made by — 
INSTRUMENT 


R U S KA CORPORATION 


MAKERS OF SCIENTIFIC INSTRUMENTS 








CABLE ADDRESS: “RUSKACORP” 
HOUSTON 36, TEXAS 


PHONE Gypsy 4-2533 
6121 HILLCROFT AVENUE 








293 


















FLEMING’S 
ACCURATE TIME SIDEREAL TIME 
9 ’ $ " s . ; 
\ Re eee “fy 
sEPTEMBER Are 
i Wi {4 "ay 
( peeoenrsees | To, . Lee 









R 





DECEMBeE 






accurate 










accurate 
longitude "82 LAA +% xt star finder 
' e Fe 1 tystt® t ony t 
solor time PAM at any time 







oat any place 


* 


sidereal time 
’ . . . . 






HN 
Ih I Al | i\ 





PATENT APPLIED FOR © 1959 §=6ACCUSTARCO, DETROIT, MICH. 








YOUR TELESCOPE IS NO BETTER 
THAN YOUR ABILITY TO FIND 
THE THINGS YOU WANT TO SEE 


Now—for the first time 


An entirely practical solution to the amateur’s biggest problem. Now you can find celestial 
objects with an ease, speed, and accuracy never before approached. 

To find any object you must know the sidereal time and ACCUSTAR will give it to you 
instantly. Having already set the outer disk to your longitude, turn the inner disk until your 
clock (standard) time corresponds with the date. The sidereal time is then indicated on the 
inner dial. It’s as simple as that. Consistently accurate within two minutes or less. 

ACCUSTAR will do many things: tell precisely where any star or constellation will be at any 
time or place, determine longitude, tell the solar time with one simple observation easily made 
with ACCUSTAR. 





ACCUSTAR and the book, Find the Stars $9.75 


A precision instrument, blue and gold in color, 10 by 12 inches, plastic coated, 
metal backed, weighs less than a pound. Nothing to get out of order. 

Book Find the Stars has 23 sky maps and needed information on over 250 
celestial objects of prime interest to the amateur. 











ACCUSTAR will be your indispensable guide to the heavens and multiply your pleas- 
ure in exploring them. Place your order now. 


ACCUSTAR 


P. O. Box 2806, Detroit 31, Michigan 
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were taken by Miss Elizabeth Roemer 
with the Naval Observatory’s 40-inch re- 
flector at Flagstaff. On January 18th she 
could see the comet in the 5-inch finder 
as a diffuse patch of the 12th magnitude. 
Visually, the 40-inch telescope showed a 
faint starlike nucleus, imbedded asym- 
metrically in an area of light two or three 
minutes of arc in diameter. By the 28th 
the comet had two tails — one short and 
curved, the other long, narrow, and 
straight — and was magnitude 10.5 to 11. 

Amateur observers should plan to take 
advantage of the exceptionally favorable 
circumstances of visibility presented by 
Comet 1959k. It is seldom that a comet 
this bright will remain conveniently 
placed in high declination for several 
weeks. Photographers will find this an 
excellent opportunity for a long sequence 
of night-by-night pictures. 

Several suggestions can be offered to 
visual observers. ‘Those with experience 
in variable star work are urged to make 
careful estimations of the brightness of 
the comet, using binoculars out of focus, 
so that the images of the comet and com- 
parison stars are similar. Another project 
is to keep a systematic record of the 
dimensions of the head and the length 
of the tail; these may be estimated direct- 
ly in minutes of arc, using the size of the 
telescopic field of view as a_ standard. 
Third, the rapid motion of the comet 
across the Milky Way in Cygnus provides 
a favorable opportunity for watching the 
passage of the comet in front of stars. 
Careful records of such observations are 
valuable, particularly with large-aperture 
telescopes. 


URSID METEORS OBSERVED 

On the three nights beginning Decem- 
ber 20-21, 1959, I watched for the Ursid 
meteor shower. On the 20-21, two 5th- 
magnitude Ursids were seen, but there 
were none the next night. The height of 
the shower was on the 22-23, when I 
carried out several observing periods. 

During the half hour starting at 0:30 
Universal time, two faint meteors came 
from the Ursid radiant. One of zero 
magnitude passed between Ursa Minor 
and Cygnus at 2:59, leaving a train visible 
for 1} seconds. This was the fifth Ursid 
during the 15 minutes beginning at 2:45 
UT. From 3:00 to 4:00, 14 meteors were 
seen, including one of the Ist and one 
of the 3rd magnitude. Twenty-one more 
were counted from 4:00 to 5:10. 

Most of the meteors recorded during 
this shower were very faint, and had the 
sky not been so transparent the observed 
rate would have been very low. ‘The 
meteors counted as Ursids came from two 
radiants: one about a degree southeast ol 
Beta Ursae Minoris, the other about three 
degrees east of Epsilon Ursae Minoris. 

CRAIG L. JOHNSON 
765 S. 46th St. 
Boulder, Colo. 
















4-inch Deluxe 


DYNASCOPE 


Complete $ 95 
for only 

f.0.b. Hartford 
Shipping wt. 26 Ibs. 


These superb 4-inch 
DYNASCOPES 


put new meaning 
in the word deluxe! 











Easy Payment Plan of- 
fered on both these 


In these days, when “deluxe” is often only a common 
cliche, it’s refreshing to find a product that so 
genuinely deserves the name. 














One look at these magnificent Dynascopes tells you 
that they are truly precision-made instruments, with the 
careful craftsmanship and extra finishing touches 

that quickly set them apart from ordinary telescopes. 
And your first thrilling experience with their supe- 

rior optical systems will convince you, as no words can, 
that the rich appearance of these reflectors is even 
surpassed by their amazing performance. 


models. Ask how you 
can begin enjoying them 
now, take months to pay! 











" More than that, each is backed by the kind of guar- 
Y antee that only Criterion, with its meticulous 
quality control, could offer. Whichever model you 

\" select, you must be completely delighted with 

‘\ both performance and construction or your 


money will be cheerfully refunded. 


Here are the professional - type 
features you'll find in both these fine instruments 


EXQUISITE 4-INCH PARABOLIC PYREX MIRROR accurate to Yg wave. For famed Dynascope optical 

superiority. 

@ TRUE EQUATORIAL AND ALTAZIMUTH HEAVY-DUTY MOUNT with complete friction adjustments 

for any latitude, declination, and right ascension. Rugged cast-iron construction. Weighs over 12 Ibs. 

ROTATING RINGS — Saddle has felt-lined rotation rings that permit tube to be quickly positioned for 

accessories or to bring eyepiece into more comfortable viewing position. 

¢ 3 STANDARD 11/4” EYEPIECES: 18-mm. Huygens, 9-mm. Achromatic Ramsden, 7-mm. Achromatic 
Ramsden for 65X, 130X and 167X. 

¢ 4X ACHROMATIC CROSSHAIR FINDERSCOPE: Crosshair, usually found only in much more expensive 
scopes, assures greater accuracy, easier spotting. Coated achromatic lenses. Screw-type micrometer focus. 
Extra-large field of view. Double-posted bracket with collimation adjustments. 

@ RACK-AND-PINION DOUBLE-DRAW EYEPIECE Holder for easy, exact adjustments. Accommodates 

any eyepiece, negative or positive. 








@ PROFESSIONAL-TYPE STEEL TRIPOD with fast-fold legs for easy portability. Designed to solve all 
stability problems. The result of hundreds of field tests and consultation with many authorities. Steadier 
support eliminates vibration. No canting, wobble, or sideplay. Special position locks prevent collapse. 
Completely portable. Sets up instantly on uneven terrain. Folds up quickly, without disassembly, for 
full portability. 

complete for 2 P y 
4-inch Deluxe only Add Dyn-O-Matic Electric Drive to your present telescope! 
95 
DYNASCOPE $ 109 Designed to fit all previous Dynascopes and most other 4-inch and 6-inch telescopes, this precision- 
with new : : : F 

DYN-O-MATIC f.o.b. Hartford made drive brings you all the advantages of smooth, effortless automatic tracking at remarkably 

deaths tee 33 bose low cost. Plugs into any household 110/120-volt A.C. circuit. Only $29.95 postpaid. Model ED-460. 

odel K- 











OTHER DYNASCOPES AVAILABLE IN 3-INCH TO 16-INCH MODELS. WRITE TODAY FOR FULL DESCRIPTIONS AND PRICES. 


CRITERION MANUFACTURING CO. 


Manufacturers of Quality Optical Instruments and Equipment 
Dept. STD-56, 331 Church St., Hartford 1, Conn. 
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PRESENTING THE SENSATION OF 1960 


»* G 


TRECKERSCOPE 


ALAX 


Y 


x SERIES 


THE ULTRA-PRECISION EYE THAT REVEALS THE DRAMA 
OF THE LIVING UNIVERSE - - PRODUCED BY -- 


COAST INSTRUMENT THE ORIGINATOR null "FIRSTS"! 


All prices and specifications subject to change without notice. 





NEW DEVELOPMENTS 


INSTANT LATITUDE ADJUSTMENT with rock-steady performance. 


HYDRO-SMOOTH ROTATING-TUBE assembly, wonderfully smooth, a COM- 
PLETELY NEW conception — only believable when in use! 
Professional OPTI-SET* FINDERSCOPE, 50-mm. achromatic objective, 7-power 


helical-focusing eyepiece with crosshair reticle. 

*(Requires only 3-inch movement of head from finder to eyepiece, which is 
directly in line.) 

BUILT-IN OCULAR RACK on each side of saddle holds eight eyepieces. 
REMOTE ASSISTANCE LIGHT (illustrated in picture top right). 
QUICK DETACH-ATTACH LEGS absolutely ROCK-STEADY — 
with removable casters (wheels) and leveling screws. 

Four-way POSITIVE-ADJUSTMENT spider (four vane). 

NEW PORTABILITY — only 70 SECONDS to assemble or disassemble entire 
scope for field trips. 

APPEARANCE — so sstriking‘y different it beggars description! Dusk-charcoal 
mount, fiberglass tube with galactic blue, indestructible, stainproof finish. 


SCIENTIFIC ACCESSORIES AVAILABLE AT EXTRA CHARGE. 

Frequency control console — transistor-powered for varying speeds of motor clock drive. 

Camera adapter (will fit any camera). 

Star spectroscope (5-prism type). 
Write f 


OUTSTANDING FEATURES 


20-YEAR UNCONDITIONAL GUARANTEE. 

GUARANTEED TO RESOLVE TO (OR SURPASS) DAWES’ LIMIT on nights of good 
seeing. 

GUARANTEED OPTICS. 1/10th and 1/20th wave of sodium light. 

FINEST OCULARS AVAILABLE (ORTHO-STARS). Your choice of any three sizes: 
6.6 mm., 10 mm., 16 mm., 20 mm., 26.6 mm. 

CLOCK DRIVES — our regular synchro-smooth drive, and the sensational micro- 
adjust drive (as shown in illustrations); instant corrections can be made in either 
direction when electric drive is in operation. 


come equipped 


r additional information. 


charges are added. California residents: add 4% sales tax to all prices. 


Prices, unless otherwise indicated, are at our warehouse in Long Beach, California. 
NOW APPOINTING DEALERSHIPS — INQUIRIES INVITED. 


The picture at the left 
illustrates the ease in 
using the new assistance 
light. This scientifically 
designed light will pro- 
duce absolutely no night 
blindness, yet will allow 
reading of circles—star 
charts—ocular sizes— 
etc. with excellent non- 
glare illumination. 





Remote Assistance Light 


The picture at the left 
illustrates one of the 
finest features—The 
manual flex-line control! 
This exclusive COAST 
device allows vibration- 
less tracking when 110 
volt current is not avail- 
able. This is again only 
one of the star studded 
GALAXY of features 
found only in COAST 
INSTRUMENT products. 





Using Our Exclusive Flex-Line Control 


FIELD TESTED FOR 14 
MONTHS UNDER ALL 
CONDITIONS... 


WRITE FOR LAB SPECIFICATION SHEET 


Prices 
ER. cuicscsceusuuvaks . $ 775.00 
Se Te ee ee $ 895.00 
SE ae ee $1295.00 
GAMA WED ooo cconecscwccse, $1495.00 


TAKE MONTHS TO PAY—6, 12, 18, OR 24—IF 
DESIRED, ON OUR EXTENDED PAYMENT PLAN. 


SEND FOR OUR 68-PAGE CATALOG showing many of the other tele- 
scope items manufactured or distributed by COAST INSTRUMENT. It 
includes ““WHAT. YOU SHOULD KNOW, LOOK FOR, AND DEMAND, 
BEFORE BUYING ANY TELESCOPE,” an impartial, informative article 
that will give you information you’ve probably been looking for to 
help make up your mind as to just what telescope you should buy! 


Shipping and nominal crating 


TRECKERSCOPES ARE CUSTOM MADE IN AMERICA BY PROFESSIONAL OPTICIANS AND ENGINEERS. 


COAST INSTRUMENT, 


“IN OPTICS SINCE 1933” 


INC. 


4811 Long Beach Bivd.,.Long Beach 5, Calif. 
Phone: GArfield 2-3411 or NEvada 6-7683 
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The clusters M35 (center) and NGC 2158, here photographed with Palomar Observatory’s 48-inch Schmidt camera, are 
strikingly different in appearance. The width of the field is slightly over two degrees, and south is at the top. 


DEEP-SKY WONDERS 
HE COMPILER of a sky 
call a halt at some magnitude limit, 


atlas must 


and this cutoff may control the experi- 
ences of several generations of observers. 
Such was the case with the star cluster 
M35 and its faint neighbor, NGC 2158. 
Norton’s Star 
latter, 
have grown up knowing nothing of it. 
The brief mention of NGC 2158 in T. W. 
Webb's Celestial Objects seems to have 
been generally overlooked. 


{ilas does not include the 


and many amateur astronomers 


In recent years, telescopes of 10-inch 


and larger have become com- 


mon, so theii 
the faint cluster. Often they thought they 


ape rture 


owners began to detect 


new comet. ‘This was my experi 
ence in 1957, and also, about the same 
time, of O. R. Norton, Long Beach, Cali 
Everhart, Mansfield 


Some amateurs had 


had a 


fornia, and Edgar 
Center, Connecticut. 
logged it earlier for example, Robert 


Burnham, Jr., of Prescott, Arizona, and 
Leonard B. Abbey, Jr., Decatur, Georgia. 
Others first saw it after the mention in 
this department in April, 1957. 

M35 itself is a magnificent open cluster 
at right ascension 6" 05.7, declination 
+24° 20% (1950 co-ordinates), not far 
from Eta Geminorum. Well 


a test object in the winter skies, it Is 


known as 


actually a naked-eve cluster, of the 6th 


various|\ 
10-inch 
it seems almost 60’, with the ghostly NGC 


magnitude. Its diameter is 


listed from 33’ to 44%, but in my 


2158 near its outer fringe. 


One of my favorites, M35 is visually 
an impressive frame of bright stars with 
a softly flaming background of fainter 


ones, seemingly containing hundreds of 


members. The 10-inch shows it as dia- 
mond-shaped. 
The fainter cluster, NGC 2158, is 


12.5, but dif- 
ferent observers seldom agree on cluster 
magnitudes, and I think it is brighter. It 
is generally too difficult for apertures of 


catalogued as magnitude 


less than five inches, and I have received 
only one report of its being seen in a 
10-inch at 
unlike the Messier ob- 


t-inch. In the 90x, it has a 


soft sheen, totally 
resembles a diffuse nebula or 


ject, and 


a comet. Mr. Abbey, using a 16-inch at 
300x, resolves this faint cluster into stars. 


With a 120-mm. 20x Moonwatch apo- 


gee telescope, M35 is a_ bright, bold 
triangle, but changes to the larger dia- 
mond when viewed by averted vision. 


\nd NGC 2158 is just visible, well out- 
side the edge of M35. In this instrument’s 
field — this 


region presents a memorable sight, and 


laree over two degrees — 
shows traces of dark areas to the east. 
Barnard 


visual 


Photographs by E. E. and 


others do not match the appear- 


ance of either cluster The Ross-Calvert 
f{ilas of the Northern Milky Way 
closest, While S. R. B. Cooke's photograph 
with a 6-inch Schmidt 
shows NGC 2158. It is more 
the accompanying Palomar Schmidt pic 
other I 
Though I have viewed this region many 
1957, I 


appearing as 


comes 
camera barely 
distinct in 
have seen 


ture than in any 


times since have never seen the 
little 
regular as depicted here. 
Rochester, New York 
same irregularities in shape that I see. 


WALTER SCOTT HOUSTON 
Rte. 3, Manhattan, Kans 
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The latest 


Spitz MODEL A-2 
PLANETARIUM 
has been installed at 
Auckland Institute 


and Museum 
Auckland, New Zealand 


* 
Spitz Laboratories 


Inc. 
YORKLYN, DELAWARE 
Phone: CEdar 9-5212 











Read This Advertisement 


Here is a combination of a Barlow and a particular ocular which gives outstanding results. 
It consists of our new Barlow and our 16.3-mm. (%” focal length) Erfle eyepiece. While the 
Barlow was not specifically designed to work with this eyepiece, it does so to an astonishing 
degree. Ail images are sharp and hard to the very edge of the field. 

The Barlow gives magnification up to slightly over three times that of the ocular alone. 
It is achromatic, coated, and mounted to the U. S. standard size of 1.250 inches. 

The modified Erfle eyepiece has a field of 75 degrees with excellent eye relief. The 
combination gives the equivalent focal length of slightly under 6 millimeters. Many users state it 
is far superior to any shorter focal length ocular of equivalent magnification. 

The Barlow sells for $16.00 postpaid, and the Erfle for $15.30 postpaid. 
teed to perform as stated above or money refunded. 


ORTHOSCOPIC OCULARS—AIll hard coated, standard 1'/4-inch outside diameter. 


III, | cisccdesossabovaas SISSO —- VOBGAM,. ..2.0600sec0000 $16.80 «= S-mM. ......cr0000000 $17.70 
16.3-mm. (Erfle) .... $15.30  7-mm. .................0 $17.70 Barlow 3x ........ $16.00 


pe copt cS 


6565 Romaine Street 
Los Angeles 38, Calif. 


Both are guaran- 


Warranted to equal or surpass any oculars obtainable 
anywhere or money refunded. 


Finished mirrors, mirror kits, spiders, elliptical flats, 
focusing devices, aluminizing. 


Send for catalogue. 

















tek | 








Itek Corporation specializes in advanced research, development, and manufacture 
of reconnaissance systems and information processing systems, particularly those 
which store and deliver graphic information. 


Positions immediately available for: 


OPTICAL TECHNICIANS 





For non-ophthalmic, work on_ high-resolution 


camera systems. 


precision optical 
Experience in aspherics or in precision lens assembly, test and 
evaluation desirable. 


large-diameter 


Phone for interview appointment or send resume in confidence to Technical Placement Director, 


[tek Corporation 


1605 TRAPELO RD. PHONE: TW 3-8700 


WALTHAM 54, MASSACHUSETTS 
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The first comet of 1960, found by 
Robert Burnham, Jr., of Lowell Ob- 
servatory. 


ANOTHER COMET BURNHAM 

Only about three weeks after he dis- 
covered Comet 1959k, Robert Burnham, 
Jr., found another, 1960a. According to 
an observation by Henry L. Giclas at 
Lowell Observatory, reported in Harvard 
Announcement Card 1468, the comet was 

1 Taurus, and of magnitude 14, on the 
evening of January 20th. 

That same night, 1960a was photo- 
graphed by B. A. Smith and A. S. Murrell 
of New Mexico State University, with a 
12-inch f/6.7 reflector. On the original 
negative of their picture reproduced here, 
the comet’s tail is about eight minutes of 
arc long. They used 103a-O emulsion for 
an 18-minute exposure. The comet was 
moving almost due northward about half 
a degree per day. 

This is the sixth comet that Mr. Burn- 
ham has discovered. It is a by-product of 
the survey with the 13-inch telescope for 
stars with large proper motions, the new 
plates being compared with those taken 
in the search for the planet Pluto 30 years 
ago (see page 264). 


CELESTIAL SHADOWS 

“If space were slightly dusty, we would 
see that all the planets and their satellites 
cast long conical shadows like great black 
dunce caps, pointing exactly away from 
the sun.” 

Thus writes C. H. Cleminshaw in the 
October, 1959, issue of the Griffith Ob- 
server, about the sizes of the shadows of 
the earth, moon, and planets, and their 
relation to eclipses of various kinds. The 
longest planetary shadow, that of Nep- 
tune, would more than span the space 
from the sun to the earth, and even Pluto 
has a shadow 17 million miles long, on 
the assumption that its diameter is 4,000 
miles. 

Jupiter’s average shadow is 55 million 
miles in length, Saturn’s 83 million, while 
Mercury’s is only 125,000 miles long. 
Venus, the earth, and Mars are all less 


than a million miles, whereas two of 
Jupiter’s satellites have 1,800,000-mile 
shadows. Our own moon has a rather 


short shadow, averaging 232,000 miles, 
but long enough to strike the earth oc- 
casionally and produce a total eclipse of 
the sun. 








At Independence, Kansas, at 6:20 a.m. Central standard time, Jack Hills made 
this 20-second photograph with an f{/2.5 Aero-Ektar 3-inch lens. Venus (over- 
exposed image) and Jupiter were about an hour past conjunction. 


VENUS-JUPITER CONJUNCTION 

When Venus, magnitude —3.5, passed 
only a degree north of Jupiter, —1.4, on 
the morning of January 2Ist, they made 
a striking sight in the eastern dawn sky. 
Edward V. Vvyborny, at Berwyn, Illinois, 
took a series of 35-mm. Kodachromes that 
week, and on January 23rd recorded the 
two planets, the moon, and Antares all in 
one pit ture. 


SUNSPOT NUMBERS 


The following American sunspot num- 
bers for December, 1959, have been de- 
rived by Dr. Sarah J. Hill, Whitin Ob- 
servatory, Wellesley College, from AAVSO 
Solar Division observations. 

December 1, 164; 2, 192; 3, 194; 4, 174; 
5, 155; 6, 152; 7, 131; 8, 138; 9, 97; 10, 76; 
11, 72: 12, 74: 18, 79: 14, 82; 15,. 120; 16; 
108; 17, 105; 18, 131; 19, 163; 20, 174; 21, 
154; 22, 116; 23, 110; 24, 121; 25; 145; 26, 
134; 27, 150; 28, 153; 29, 120; 30, 113; 31, 
131. Mean for December, 129.9. 

Below are provisional mean_ relative 
sunspot numbers for January by Dr. M. 
Waldmeier, director Zurich Observa- 
tory, from observations there and at its 


ol 


stations at Locarno and Arosa. 
January 1, 136; 2, 110; 3, 133; 4, 156; 


5, 158: 6, 174; 7, 167; 8, 153; 9, 150; 1G; 
127; 11, 143; 12, 108; 13, 108; 14, 118; 15, 
112; 16, 119; 17, 117; 18, 89; 19, 80; 20, 


94; 21, 103; 22, 134; 23, 138; 24, 130; 25, 
152; 26, 209; 27, 186; 28, 159; 29, 193; 30, 


178; 31, 178. Mean for January, 139.1. 





A NEW PRODUCT FOR 
SPRINGTIME OBSERVING 


| A new and different set of sky maps! 


|| 12. circular maps, slightly overlapping, 
|} cover the sky and show all stars to Sth mag- 
nitude including the 1,078 stars listed in the 
|| American Ephemeris and Nautical Almanac. 
Each chart, 814” square with rounded corners 
|| and punched for binders, is printed on 1/100”- 
thick clear plastic with details displayed in 
acrylic white over luminous stars (phosphores- 
cent painted). Brightest stars are labeled. 


You can see the chart stars in the dark, 
and look through the chart to match up the 
stars in the real sky. The gnomonic projection 
| makes them fit the sky without distortion. 
| Packaged in a neat plastic envelope with an 
|| index map and explanation, the charts are 
|| sized to give the star watcher a chart that is 
| not ungainly to handle. Figuratively speaking, 
you can now look through an_ illuminated 
window that matches the stars. A chart that 
glows with the sky. No need to use a flash- 
|| light to check up on an object and at the 
| same time spoil your eyes’ dark adaptation. 


a significant advance in 
want the heavens to be 

really yours? Then you will want this new 

study help. Are you one of those people (and 
| there are many) with a new interest in the sky 
because of satellite and space talk, but who 
| know little about the stars? Then you need 
|| this set of charts! THE SKY CAN BE 
|| YOURS NOW! 


idea is 
Do you 


This new 
star study. 


| Price, including postage and _ packaging, 
Hy only $5.25 
Write for free catalogue. 


ASTRONOMY CHARTED 
33 Winfield St., Worcester 10, Mass., U.S.A 
Phone: PL 5-6992 

































LAFAYETTE 
EXCLUSIVE 








NEW YORK, N. Y. 
100 6th Ave. 
WOrth 6-5300 


JAMAICA, WN. Y. 
165-08 Liberty Ave. 
im AXtel 1-7000 


LAFAYETTE RADIO 


BOSTON, MASS. 
110 Federal St. 
HUbbard 2-7850 | FOrdham 7-8813 


ASTROGRAPHIC PLANETARIUM 


% HOLD THE UNIVERSE IN YOUR 
HAND! 

ye COMPLETELY PORTABLE! 

%& SELF-ILLUMINATED! 

% LOCATES AND IDENTIFIES ALL 

THE IMPORTANT CONSTELLA- 

TIONS SEEN IN OUR LATITUDES! 


125° 


Produced for the Science Minded 
— by the Science Minded. 


A totally new, portable, astronomical instrument based 
on the centuries-old principle of the planisphere. The 
Lafayette Astrographic Portable Planetarium simplifies 
the study of basic astronomy. Indoors — it teaches the 
names, locations, appearances, and relative positions 
of all the major constellations observable north of 
latitude +30°. Outdoors — it becomes a star finder 
without peer. Locates and identifies all the major 
constellations, stars from the Ist to 5th magnitude, 
clusters, nebulae, and the Milky Way. Adjusts for any 
hour of any day of any month. The sky, as viewed 
through the Astrographic Planetarium, includes the 
mythological constellation figures, properly placed and 


named and precisely executed in all their intricacy 
and beauty. Superimposed celestial equator and 
ecliptic — month/day and hour dial cardinal com- 





pass points for viewing direction — ‘‘soft-lite’’ bulb. 
Includes batteries and instructions. Shpg. wt., 1/2 Ibs. 


F-500 Net 12.50 





NEWARK, N. J. | PLAINFIELD, N. J. 
24 Central Ave.| 139 W. 2nd St. 
MArket 2-1661 


BRONX, N. Y. 
542 E. Fordham Rd. 









Plainfield 6-4718 
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Norton’s STAR ATLAS 


This famous star atlas and reference handbook is pag- 
ticularly suited for amateurs and students who desire 
sky charts in book form. It covers the whole heavens, 
showing over 9,000 stars to magnitude 61/3, nebulae, 
and clusters. There are descriptive lists of 500 interest 
ing objects for viewing with small telescopes and usefu 
data are given for observers of the sun, moon, and 
planets. New 14th edition, 1959 $5.25 


Elger's MAP OF THE MOON 


The chart of the moon itself is 18 inches high by 17'/2 
inches wide and identifies all the important lunar fea- 
tures. Below the map are notes by H. P. Wilkins on 
146 of the more interesting areas. Printed on a sheet 
of paper 30 by 19'% inches and mounted on heavy 
canvas, the map is ideal for framing $3.00 


COLOR MAP OF THE 
NORTHERN HEAVENS 


30 by 34/2 inches, colorful 
sky to 45° is 


This is a large wall chart, 
as well as informative. The northern 
shown on a polar projection, and each star is colored 
according to its spectral class Stars brighter than 
magnitude 5.1 are included. The map is mailed un- 
folded in a heavy tube $1.50 each; 4 for $5.00 


COLOR CHARTS OF THE MOON 


Two striking color charts of the first- and last-quarter 
moon were drawn by Joseph Klepesta, the well-known 
Czechoslovakian amateur astronomer. Each lunar half 
is an impressive 27 inches in diameter; the over- 
all size of a chart, 23 inches wide by 33 inches high. 
Printed in predominantly gold and black on heavy paper, 
the charts are shipped unfolded in a cardboard tube. 

$3.00 per set of 2 


SPLENDORS OF THE SKY 


36-page large picture book, with short and easy-to 
understand captions, designed to take the beginner 
on a quick trip from the nearby moon out to the 
farthest reaches of the universe. Now only 50 cents 


MOON SETS 


18 pictures, showing the entire visible face of the moon, 
are made from unsurpassed Lick Observatory negatives 
of the first and last quarters. Each halftone print is 
8/2 by 11% inches. Key charts supplied. $3.00 per set 


LUNAR CRESCENT SETS 


10 pictures are a matching series to Moon Sets, but for 
the waxing crescent 4/2 days after new moon, and the 
waning crescent about five days before new moon. Four 
prints are close-ups of the waxing crescent, four of the 
waning; two show each crescent as a whole. Key charts 
included. $2.50 per set 


SKY SETS I 


24 pictures of objects in the solar system and in the 
Milky Way, all celestial wonders of interest and beauty. 
Each halftone print is 8/2 by 1134 inches. Separate 
sheet of captions included. $4.00 per set 


SKY SETS II 


24 pictures of nebulae in our galaxy, portraits of other 
galaxies, many made with the 200-inch telescope, and 
four drawings of the 200-inch telescope by Russell W. 
Porter. Sheet of captions included. $4.00 per set 


LUNAR MAP. In two colors and over 10 inches in 
diameter. 25 cents each; 3 or more, 20 cents each 


POPULAR STAR ATLAS. Simpler version of Norton’s S/a) 


Atlas. Bound set of 16 maps. $2.00 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by 
Dr. Philipp Frank. 75¢ 
HOW TO BUILD A QUARTZ MONOCHROMATOR for Ob- 
serving Prominences on the Sun, by Richard B. 
Dunn. 50c 
THE STORY OF COSMIC RAYS, by Dr. W. F. G. Swann, 
Bartol Research Foundation. 75¢ 
300 Sxy anp TELEscopE, March, 
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this up-to-date, 


astronomer’s office or library. 


Listed, with descriptive data, 


293 open star clusters; 
1,131 


stars bright enough for amateur observing. 


and spectra; 


planetaries; 


binaries. 


367 pages. 





Just Imported from Czechoslovakia! 


ATLAS COELI — Il, Katalog 1950.0 


By Antonin Becvar 


The most complete check list of celestial objects ever offered to the amateur observer, 
authoritative catalogue is also invaluable as a reference work for the 
It forms a perfect companion to the de luxe edition of the 


Skalnate Pleso Atlas of the Heavens, and was compiled by the same author. 


are the 6,362 stars brighter than magnitude 6.26, with 
their right ascensions and declinations for 1950, precessions, 
100 globular clusters; 
galaxies; some 1,750 visual double and multiple stars; and 633 variable 


Special tables list modern orbital data for 308 visual binaries and 458 spectroscopic 
Also included are Messier’s famous catalogue of 109 nebulae and clusters, indexes 
of star names, precession and other convenient tables. 


The sturdy cloth binding makes this 81/4-by-1134-inch book easy to use at the telescope. 


proper motions, magnitudes, 
240 bright diffuse nebulae; 144 


Explanations are given in English. 


$8.75 
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Two Editions Available 


ATLAS OF THE HEAVENS 


ATLAS COELI 1950.0 


These 16 charts by Antonin Becvar and his coworkers 
at the Skalnate Pleso Observatory, Czechoslovakia, cover 
the entire sky to stellar magnitude 7.75, showing double, 
multiple, and variable stars; novae, clusters, globulars, 
and planetaries; bright and dark nebulae; the Milky Way 
and constellation boundaries. 


FIELD EDITION. Each chart is reduced from the origi- 
nal Atlas Coeli and is printed on heavy, stiff paper 
18 by 12% inches. Stars are white on black background. 
Charts are shipped flat and unbound, 16 to a set. Ideal 
for outdoor observing and use at the telescope. 

$4.00 each; 2 for $7.50 


DE LUXE EDITION. Printed in many colors, more than 
35,000 celestial objects, including over 100 radio sources, 
are plotted. Bayer-letter and Flamsteed-number designa- 
tions given. Transparent co-ordinate grid overlay in- 
cluded. The 16 charts are permanently bound in a 
heavy cloth cover, 16/2 by 23 inches, with color chart 
key on a foldout flap. $9.75 


ATLAS ECLIPTICALIS 1950.0 
By Antonin Becvar 


A bound set of 32 star charts, each 17/2 by 24 inches, 
covers declinations between +30° and —30°, complete 
to magnitude 9.0, scale two centimeters per degree, 
epoch 1950.0. Spectral classes are shown by color. 
See page 161 of the January, 1959, issue for further 
description. Piace your order with us and allow time 
for its transmission to the publisher in Czechoslovakia, 
from whom the atlas will be shipped directly to you. 

$17.00 


Write 


for descriptive catalogs 





MAKING YOUR OWN 
TELESCOPE 


By Allyn J. Thompson. Tens of thousands of amateurs 
are using this basic book on telescope making. Here 
are complete step-by-step directions for making and 
mounting your own 6-inch reflecting telescope at low 
cost. This telescope can use magnifications up to 300 
times. In easy-to-understand chapters, you will learn 
how to grind, polish, and figure the mirror, and how 
to make an equatorial mount that will provide a sturdy, 
solid support for your mirror. 


211 pages, 104 illustrations (6th printing)... .$4.00 


THE HISTORY 
OF THE TELESCOPE 


The first book to tell the full 
456 pages, 196 
$7.50 


By Henry C. King. 
story of the evolution of the telescope. 
illustrations, extensive references. 


LAROUSSE ENCYCLOPEDIA 
OF ASTRONOMY 


By Lucien Rudaux and G. de Vaucouleurs. The long- 
awaited English translation of this monumental French 
volume one of the most complete and best-illustrated 
compendiums of astronomy ever offered in one book. 


The detailed explanations, diagrams, and charts were 
designed for the reader wanting a thorough knowledge 
of the subject, yet having no previous introduction to 
astronomy. As a reference work it is unsurpassed. 
Many full-page color renditions. Full-page size is 
8 by 11 inches. 506 pages, 818 illustrations. $12.50 


All items sent postpe uid. Please enclose your check ov money order. 





WwW BOOKS AND THE SKY W 


OUR SUN 
Donald H. Menzel. Harvard University 
Press, Cambridge, Mass., 1959. 350 pages. 


$7.50. 


N 1949 Professor Menzel’s Our Sun was 

published as one of the Harvard books 
on astronomy. It was intended to de- 
scribe and consider the problems of solar 
physics in a way that would be under- 
standable to the nonspecialist. “The book 
quickly established a secure place on the 
required reading lists for all who pro- 
fessed anything more than a casual in- 
terest in science. The present edition is 
earlier work. 
Iwo new 


a detailed revision of the 

The changes are numerous. 
chapters have been added: “The Sun and 
the Universe,” in which Dr. Menzel con- 
siders the relationship of the sun to the 
other stars; and ‘Solar Power and Human 
Needs,” in which the possibilities of solar 
radiation as a source of 
plored. The final chapter, “The Sun and 
the Earth,” very profitably uses material 
from the author’s Elementary Manual of 
Radio Propagation and Flying Saucers 
to effect a complete revision of the cor- 


power are €X- 


responding section in the 1949 edition. 
It is a great improvement. 

The illustrations are 
this reviewer has seen reproduced by the 
photo-offset process, and the book in gen- 
eral has a pleasing appearance. However, 


among the best 


the reproductions in many instances still 
do not do justice to the originals. Ap- 
proximately one-third of these illustra- 
tions are new and, for the most part, 
replace less adequate photographs. 

In many respects, it is relatively easy 
to review a new edition of a book whose 
value has been well established for many 
vears. But how closely has the author, 
when presented the opportunity for re- 
vision, heeded the admonition in J Thes- 
salonians 5:21? Perhaps a few good things 
may have been discarded in the revision, 
and all new material may not have been 
proved. 

It might have been pointed out in 
discussing the possibility of a variation 
that astronomers 
measuring the 


in the sun’s diameter 
have difficulty in 
diameters of most celestial objects. Even 
the moon, which has an extremely sharp 
edge and thus might be expected to be 
the most easily measured of all, behaves 
in a puzzling fashion. A different di- 
ameter must be used for the prediction 
of occultations from that which is used 
for the prediction of eclipses! 
Throughout the book 
placed entirely on solar activity, perhaps 
leaving the reader with a seriously in- 
correct impression of the sun’s nature. 
Most of the time the sun is extremely 
well behaved, and even during maximum 
activity there are many days when the 
closest scrutiny under the very best ob- 


ereat 


emphasis is 


serving conditions is rewarded by the 
detection of only very small changes. Ob- 
viously these are not the spectacular 
events astronomers like to show in their 
photographs or to discuss, but perhaps 
we should be thankful that the sun is 
usually a pretty quiescent object. 

\ similarly incorrect impression may 
be given concerning high-latitude sun- 
spots. Not infrequent small spots, last- 
ing for a few hours, have been observed 
at extremely high latitudes. The first 
spot in the solar cycle that began in 1915 
appeared at latitude 60°, the first spot in 
the 1846 cycle at 50°. It is true, however, 
that an long-lived 
spots were seen at latitudes greater than 


unusual number of 
10° during the present cycle, No. 19. 
\lthough which shows the 
equatorial acceleration of the sun’s rota- 
diagram, it under- 


Fig. 65, 
tion, is a schematic 
estimates this effect. 

The veiled sunspots first reported by 
L. Trouvelot are now receiving an ab- 
normal Soviet 
ind German astronomers. By convention, 


amount of attention by 
sunspot observers do not report the gray 
markings often discernible on the solar 
disk and in fairly great abundance in 
and around the Mount Wilson 
Observatory records such markings wher- 
ever they occur on the disk, but as far 
casual re- 


spots. 


as this reviewer is aware only 
ports have been published. 

In regard to circulation above sunspots, 
slightly contradictory accounts are given. 
On page 120 it is indicated that observa- 
tions suggest that there exists over sun- 
flattened smoke ring 
vortex with outflowing gases in its lower 


spots a “sort. of 
part and inflowing gases in the upper 
Yet on page 127, it is said, “the 
hori- 


regions.” 
rising gas, therefore, cannot flow 
zontally and descend again to complete 
the convecting cycle. As a result spots 
are calm regions in an otherwise turbu- 
lent atmosphere.” It remains a question 
how to reconcile the apparent observa- 
tion of convective currents above sunspots 
and our feeling that such motions should 
be strongly inhibited by the presence of 
magnetic fields in the spots. The vortex 
structures pointed out by the author in 
a hydrogen spectroheliogram can hardly 
be simultaneous evidence for the presence 
and absence of convective currents. 

In the description of the fine details 
of the solar surface, a short discussion is 
given of the appearance of bright helium 
in emission near sunspots. Unfortunately, 
the example in the photograph Fig. 91A 
shows helium in emission in the flare of 
July 25, 1946. This was a most unusual 
event and it was a unusual flare. 
Surely, it should not be quoted as an in- 
dication of such emission in any reason- 
ably normal part of the surface. 
Helium does appear frequently in  ab- 
bright plage regions; 


most 


solar 


sorption in the 


Russia s 
Moon Photographs 


for publication in March 


THE 


OTHER SIDE 


OF THE 


MOON 


ISSUED BY THE U.S.S.R. 
ACADEMY OF SCIENCES 
Translated from the Russian by 
J. B. Sykes 


Within a month of publication of this 
authoritative Russian report, Pergamon Press 
has translated this eagerly awaited informa- 
tion into English 


THE OTHER SIDE OF THE MOON pre- 
sents the results of the study of the photo- 
graphs made from the automatic interplane- 
tary station launched from Russia on October 
{, 1959, and many details of how this tre- 
mendous achievement was made possible. 


These historic pictures, transmitted over 
distances up to 275,000 miles by complex 
television apparatus at a signal from the 
earth, together with the other scientific in- 
vestigations made during the flight of the 
interplanetary station, have yielded a con- 
siderable quantity of hitherto inaccessible 


data. 


THE OTHER SIDE OF THE MOON gives 
details of the design of the station, the way 
in which the station was controlled and uti- 
lized to make the investigations, the orbit 
and associated calculation problems, photog- 
raphy and image transmission, and an inter- 
pretation of the photographs 


With the publication of this topical and 
important work, a new era opens in the his- 


tory of man’s exploration of outer space 
814 by 101% inches, Illustrated $2.50 

Please send me copies 
at $2.50 of THE OTHER SIDE 

OF THE MOON 
SE | ee ar eS 
Address = — gj laa 
Cit} 8, CONG Se eee 
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Xr/ 122 East 55th St., New York 22, N. Y. 
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Appointments at A fler 


: 
exceptional opportunities, For detailed information, 
address your inquiry to: 


Professional Staff Appointments 





It is the practical visionary who has given us much of what 
we enjoy today. And it will be the visionary—the man with 
ability to seek concepts beyond the existing limitaticns of science 
—who will guide our developments of tomorrow. 

The Applied Physics Laboratory (APL) of The Johns Hopkins 
University seeks men who will be engaged in advanced research 
problems—who will find solutions to problems yet to be posed. 
Their findings will provide guidelines for the space and missile 
hardware research of the future. 


Your endeavors will be heightened by the professional atmos- 
phere of APL. This atmosphere, created by men dedicated to 
the furtherance of science, has earned APL a reputation as a 
leader in programs vital to the national security. 


The Johns Hopkins University 
Applied x hysics Laboratory 


8635 Georgia Avenue, Silver Spring, Maryland 
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however, as far as we know, helium never 
appears in bright emission on the solar 
disk, except in a flare. 

The first picture (Fig. 108A) of the 
eruptive prominence of June 4, 1946, 
indicates that it was made at 16:03 Uni- 
versal time, or 09:03 Mountain standard 
time. The photograph could hardly have 
been taken shortly after sunrise (04:30 
MST) as stated in the text. 

Both old and new editions 
an excellent summary of solar eclipses, 
arranged by saros cycles. Recent develop- 
ments in the periodicities of eclipse oc- 
currences are probably wisely omitted. 
The detailed regularities now known are 
so numerous and complicated that to list 


contain 


them all would undoubtedly be con- 
fusing. 
In the section on the uses of solar 


energy, the reviewer was struck by the 
omission of any reference to solar heat 
for cooling. Important developments are 
being made in this field. Since it is 
nearly always hottest when the sun 
shines, the most energy is available for 
cooling just when one needs it. 

In the discourse on the terrestrial ef- 
fects of solar activity, there seems to be 
no reference to the two types of magnetic 
storms: sporadic storms that start sud- 
denly, and recurrent ones that start gradu- 
ally. Recognition of these two classes of 
terrestrial disturbance is of great assist- 
ance when one attempts to determine the 


Ams  . eee 


| ASTRONOMICAL PHOTOGRAPHY 


AT THE TELESCOPE 


solar causes for the events that we record. 
The paragraphs above are a listing of 
the more important possible defects of 
the new edition of Our Sun, but they are 
hardly serious. Dr. Menzel’s revision has 
resulted in a good book. There are many 
controversial statements of varying de- 
grees of subtlety to prompt readers at all 
stages of astronomical erudition to write 
in the adequate margins and to underline 
statements where they agree or take ex- 
ception. It conveys some of the challenge 
of the solar problems whose solutions 
seem always to be just in sight, but never 
quite apprehendable. 
ORREN C. MOHLER 
McMath-Hulbert Observatory 
University of Michigan 


CLOSE BINARY SYSTEMS 


Zdenek Kopal. John Wiley and Sons, 
New York, 1959. 558 pages. $16.75. 


HILE the title of this book is Close 
Binary Systems, it has a more limited 
objective than a complete description of 
this field. As the author points out in the 
closing words of the introduction, his chief 
purpose is to earn for his equilibrium 
model a “permanent place in the existing 
literature of double-star astronomy.” 
The volume starts with an introduction 
that traces some of the early history of 
binary star studies, and then describes the 


general outline to be followed. Chapter 
II is an effort to cope with the dynami- 
cal phenomena shown by close binaries, 
and departs from the older methods by 
not assuming that the axis of rotation is 
parallel to the axis of revolution. Chap- 
ter III discusses the conventional Roche 
model and equipotential surfaces, and 
IV explores the theoretical light changes 
from various causes in close binary sys- 
tems. Chapter V treats theoretical velocity 
changes, such as rotational effects during 
eclipse, and the effects of reflection on 
radial velocity. 

Determining the elements of an eclips- 
ing binary system is the subject of Chapter 
VI. H. N. Russell’s method is presented 
in less than four pages, and Kopal’s in 43. 
He severely criticizes Russell’s work, but 
his criticisms actually apply not to the 
method itself, but to its misuse by some 
computers. Also included in this chapter 
is a discussion of the influence of a pos- 
sible third body on the solution. Here 
the author seems unaware of the earlier 
comprehensive treatment by Russell and 
J. Merrill in Princeton University Ob- 
servatory Contribution No. 26 (1952). 
The most useful sections of the chapter 
are those dealing with eccentric orbits 
(pages 383-399). The closing chapter is 
on the physical properties of close binary 
systems. 

It is rather difficult to give a_ precise 
evaluation of this volume. The treatment 





THE SUN 
By Giorgio A betti 
Illustrated 


$12.00 


By Thomas Rackham Illustrated $7.50 


‘., ASTRONOMICAL PHOTOGRAPHY AT THE TELESCOPE has antici- 
pated and provided adequate answers to the numerous problems 
encountered by the beginner. Indeed, the author has gone beyond 
the bare minimum, and provided the worker with a good review of 
photographic theory in addition to practical procedures at the 
telescope. 

“The appendices contain information and formulae that will 
assist the amateur in reaching the approximate optimum combi- 
nation of image size, exposure time, and development. 

“...when one considers the cost of photographic materials 
plus the value of the telescope, not to mention the amount of 
experimenting necessary for good results, a good working manual 
such as ASTRONOMICAL PHOTOGRAPHY AT THE TELESCOPE is but 
a small portion of the investment. 

“The saying ‘one picture is worth a thousand words’ is doubly 
true in astronomy, where proof of some event may hinge upon a 
single good photograph. ASTRONOMICAL PHOTOGRAPHY AT THE 
TELESCOPE will help you not to miss getting that picture.” 

—Paul E. Roques, THE GRIFFITH OBSERVER 


THE PLANET VENUS. 2nc Revised Edition 


4 DISCOVERY OF THE 
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By Gerard De Vaucouleurs 


Illustrated 


5 THE SUN AND ITS 


INFLUENCE 


An Introduction to the Study of Solar- 


Terrestial Relations 
By M. A. Ellison 
Illustrated 


By Patrick Moore 


6 GUIDE TO MARS 


Illustrated 


THE PLANET JUPITER 
By Bertrand M. Peek 
Illustrated 


8 AMATEUR ASTRONOMER’S 
HANDBOOK 

By J. B. Sidgwick 

Illustrated $12.50 
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FOR AMATEURS 

By J. B. Sidgwick 

Illustrated $10.00 
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10 By J. B. Sidgwick 


$8.50 


$6.00 


$5.00 Illustrated $3.50 
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By H. P. Wilkins and Patrick Moore 
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By Patrick Moore Illustrated $3.75 

New... Information obtained by the use of radio telescopes and . * * 
other improved observational methods brings this second edition Name 

completely up to date. In addition to new material by Western 

Scientists, Mr. Moore incorporates Russian findings which have Address 

recently been translated. city 


“... The book is superbly written with a wealth of anecdotal 
material and contains all the known material on the planet. It 
should serve as a reference book for a long time to come.” 

—JOURNAL OF THE FRANKLIN INSTITUTE 


b. SAVE! Enclose payment now and we will pay the delivery charges 
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Astronomy Teaching Aids 


ES SCO Publ: calions 


Teachers of astronomy, both amateur and 
professional, will find the following ESSCO 
study materials useful in their classrooms. The 
test charts are challenging fun for the ama- 
teur astronomer, too! 


scl Equatorial constellation chart 
with star designations 
SCIT Test equatorial chart without 


star or constellation name: 
$c2 Circumpolar constellation chart 
with star designations (new large 
size) , 


S$C2T Test circumpolar chart without 
star or constellation names (new 
large size 

$508A Ecliptic-based star map with 
equatorial grid and names 

$508 Ecliptic-based star map with 


equatorial grid, without names 
$508B Ecliptic star map list positions 
and magnitudes for 224 stars 


$505 Nine-inch protractor on paper 
for planet orbit drawings 

$511 Inner planet § chart orbits of 
Mercury, Venus, Earth, Mars 

$512 Outer planet chart orbits of 


Mercury to Saturn 
SSOIA Special rectangular co-ordinate pa 
per for star maps 
$502 Polar co-ordinate paper 
cumpolar star maps 
Price for each item listed above: | to 9 sheets, 
10 cents each; 10 to 24 sheets, 8 cents each; 
25 to 99 sheets, 6 cents each; 100 or more, 
5 cents each 


for cir 


From Stetson’s Manual of Laboratory Astrono 
my, the chapter ‘Star Chart Construction’ is 
available as a separate booklet, at 50 cents per 
copy. 

SPECIAL: DCS 
spectral classes, 


Large wall chart of the Draper 
printed in four colors and 
mounted on canvas. Limited quantity. (Slightly 
damaged along edges.) $14.00 each 


SKY PUBLISHING CORPORATION 


Cambridge 38, Massachusetts 
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PLANETARIUM SHADE 


Attractively styled lamp shade provides the finish- 
ing touch for anyone interested in astronomy and 
space science. Constructed of durable translucent 
stock and printed in color. Stars appear white with 
outline of 37 constellations on deep blue background. 
Constellations of spring, summer, fall, and winter 
accurately scaled and identified by name, with 
Milky Way, zodiac, and equator outlined. Size, 12° 
diameter, 8/2” high. Supplied with clip or washer- 
type mount (specify which when ordering). Ideal gift. 
Practical and educational $9.75 ppd. 


FAVORITE CONSTELLATIONS 
OF THE NORTHERN HEMISPHERE 


™ 1959 
atlas of the sky from declination 


A_ photographic 
This set of 33 slides on 


to the North Pole. 


35-mm. film is made up of actual wretouched 
photographs requiring almost three years to ob- 
tain using special equipment. Set includes 39 


slides — one title, five star maps, and 33 con- 
stellations. Each slide mounted and_ identified. 
Suitable for projection with any 35-mm. equipment 
on screen and ceiling for lectures and teaching. 
This is the finest set of slides we have ever seen; 
each constellation is sharp and clear with excellent 
contrast. Instructions included. $16.00 ppd. 
Inquiries Jrom sch ls, 
farinms invited 


clubs, dealers, and plane 


SPACEK INSTRUMENT CO. 


1130 Sembling Ave., Pottstown, Pa. 
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little feel 
Thus, in its 


is entirely mathematical, with 
ing for physical realities. 
present form, it is not suitable for appli- 
cation to actual observations. I have not 
checked on the accuracy of all the many 
equations, but it is not reassuring to be 
told (page 146) that much of Chapter II] 
is a rediscussion of an earlier paper by 
Kopal which “contained, unfortunately, 
many slips and misprints which have been 
corrected in its present version,” and then 
to find in three of the first four 
equations in the chapter. 


\ good deal of the material in the book 


errors 


is not new, and it could have been short- 
ened considerably by judicious reference 


to the existing literature. Indeed, the 
most serious criticism is that the author 
overlooks earlier studies. In general, ref- 


erence to previous work appears only in 


bibliographical notes, and the over-all 


impression given by the text is that all 
the material is original. For example, 
G. P. Kuiper’s 1941 study of 1 


first presented the dynamics of shells o1 


Seta Lyrae 
gas streams around close binaries, and con 
tained many of the more important ideas 
concerning this in the present book. Yet 
there is only a clause in the biblographi 
cal notes about this work of Kuiper’s; the 
same is true of a paper by Kuiper and 
J. R. Johnson in 1956, which anticipates 
much of the material in Chapter III. 

In the discussion of atmospheric eclipses, 
no mention is made of S. Gaposchkin, 
who first suggested the possibility of this 
phenomenon for Zeta Aurigae, nor of 
F. FE. Roach, who applied the suggestion 
to observational material. The theoreti- 
cal work of A. P. Linnell is 


overlooked. 


likewise 


Similar omissions occur in other sec 


tions. The consideration of matter ejected 
unstable ignores the 


from components 


papers by various investigators at the 
University of California in Berkeley. ‘The 
statement on 546, “A 
tion that the fractional dimensions of the 


semi-detached 


page demonstra- 


secondary 
eclipsing systems coincide with their Roche 


components in 


limit within the limits of observational 
errors was not given until by Z. Kopal in 
innales d’Astrophysique, 18, 393, 1955,” 
is not true. A discussion of precisely this 


(though the word “semi-detached” was 
not used) is to be found in the Astro- 
physical Journal, 112, 196, 1950. ‘The dis- 
covery on page 468 that systems classified 
as Algol or Beta Lyrae types may be simi- 
lar physically was also anticipated in the 
1950. article. 

The most important modern develop- 
ment in the theoretical treatment of light 
curves, the Merrill nomographs, is not 
treated at all. There are curious criticisms 
of the late Henry Norris Russell on pages 
291 and 447. Russell’s papers generally 
did not contain “slips and misprints,” 
nor are they difficult for astronomers to 
follow. 

The brief sections on handling obser- 


vational data contain various errors, even 
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Catalogues on request. 
International 
Screen Organization 
1445 18th Ave. North, St. Petersburg 4, Fla. 











rm Star Atlases and Books on Astronomy 


THE OTHER SIDE OF THE MOON. $2.50 
New: LAROUSSE ENCYCLOPEDIA 

OF ASTRONOMY.......... aeeabeess ; $12.50 
AMATEUR ASTRONOMER’S 

HANDBOOK, by J. B. Sidgwick....$12.5 
OBSERVATIONAL | ‘RONOMY FOR 

AMATEURS, by J. B. Sidgwick....$10.00 
ASTRONOMICAL PHOTOGRAPHY AT 

THE TELESCOPE, by T. Rackham..$7.50 
THE SKY OBSERVER’S GUIDE $2.95 
THE PLANET VENUS, by P. Moore. $3.75 
THE PLANET JUPITER, by B. Peek. $8.50 
STANDARD HANDBOOK FOR TELE- 

SCOPE MAKING, by N. Howard....$5.95 
AMATEUR TELESCOPE MAKING 

Book 1, $5.00; Book 2, $6.00; Book 3, $7.00 
Norton’s STAR ATLAS é 5.25 
Webb’s ATLAS OF THE STARS $6.50 
BONNER DURCHMUSTERUNG $100.00 


Write for new free list on astronomical literature. 

Books on telescope making and glassworking. All 

books of any publishes mail your wants. 
HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 
































Now in smaller sizes 


MEW AERO PLASTIC 
.) 


RELIEF MAPS 
UNITED STATES 


16 x 28 
THE WORLD 


wr? 9,95 


These maps are an excellent visual aid in the 
teaching and study of earth sciences, as well 
as a handsome addition to home or office. 
Vertical exaggeration and color emphasize re- 
lief features. The maps are molded of tough, 
sturdy Vinylite and are self-framed with brass 
grommets for easy hanging. They can be 
cleaned in a minute with a damp cloth. These 
are the maps selected by the U.S. Weather 
Bureau for display in airport weather stations. 
(The U.S. map has insets showing Alaska and 
Hawaii.) 
Also Standard-Size Aero Plastic 
Relief Maps. 


Write for complete catalogue. 


SCIENCE ASSOCIATES 


Instruments/Weather ©  <Astronomy/Teaching Aids 


194 Nassau St., P. O. Box 216, Princeton, N. J. 








though much of this is previously pub- 
lished material. Page 299 states that seeing 
errors are proportional to a star’s bright- 
ness, and the light curve on page 303 has 
a distorted that gives an er- 
roneous impression of the nature of the 
On page 443, the author 
for the separation of the observer and the 
partly of the 
plexity” of “intricate photoelectric tech- 
The statement might have 
years photoelectric 


time scale 


system. argues 


compute! because “com- 


niques.” been 


ago, when 


true 20 
photometers were temperamental devices 
requiring the attention of but 
the bulk of the useful photoelectric work 
today is being carried out by astronomers 


electrical 


experts, 


with no special training in 
engineering. 

On page 147, the author speculates on 
the 
of eclipsing variables. 


this turns 


patron saint by students 
kor not 
out 


election of 
reasons 
made clear, to be Anax- 
agoras, a 

Close Binary 
weakness of being a serics of monographs 
rather than 


treat- 


Javan. 
pag 


Systems has the general 


on selected specialized topics, 


a complete coverage. Further, its 
ment of spectrographic material is inade- 
yet from this has come most of the 


in the modern 


quate, 
important ideas state of 
the subject. 

Had this book been published in the 
1930's, have 
been new, and relevant 
of the precision that we then hoped to 
attain in the future. We now know that 
because of the uncertainties introduced 
by our own atmosphere, and especially 
because of fluctuations in the stars them- 
probably will never be able to 


most of its material would 


to observations 


selves, 
carry out this type of analysis to the pre- 
cision we once hoped. For real progress 
in our understanding of close binary sys- 
tems, our great present need is an entirely 
new treatment, that considers the 
stars as physical realities instead of merely 
geometrical disks and that takes proper 
account of the complications known to 


one 


affect these systems. 

\ctually, 
work lies in the study of these very changes 
that largely vitiate the usefulness of overly 
complex models. Instead of ignoring the 
realities discovered by spectrographic and 
photometric observations of the past 20 
stimulated by them. 


the real excitement of modern 


vears, we should be 
By their very departures from our sim- 
plified models, the are sending 


information about their origin and evolu- 


stars us 


tion. Of course, we must still compute 
the fundamental elements to reasonable 
precision, by methods that do not need 


unreasonable labor, so that our knowledge 
of stellar properties does not lag behind 
the observational material. Thus, from 
careful observation and realistic 
of all the available data, slowly over 
years we may gain better understanding of 
close double stars and of stars in general. 
FRANK BRADSHAW WOOD 

Flower and Cook Observatory 
University of Pennsylvania 


analysis 
the 


Now build your own high-quality telescope easily 





Get professional perform- 
ance and do-it-yourself sat- 
isfaction at low cost with 
these CLEVELAND parts de- 
signed to match, machined 
to fit. 





EQUATORIAL MOUNT 


Complete, for 7’ tube ......... $ 79.50 f.o.b 
WithO@e WGG8 ..5 <2 Geet cc Fenn 69.50 
Complete, for tubes to 9° x 60’ 89.75 “ 
WHRGUE lOGR: oie bcos cs decane ze 
Pier top for permanent mount $95 “ 
COUNTERWEIGHT 121/2 Ibs. ....... 495 FEATURES: Al! parts machined, ready to assemble 
Extra weight, per pound ........ 50 ” Rotating base permits easy alignment and locking or 
ALUMINUM TUBE 7” 0.D. x 60” 14.68 “ north. Positive-locking tube clamp Rotating tube 
6’ MIRROR CELL for 7’ tube ..... 8.35 ppd. Husky, vise-grip latitude adjx ad ce it is easy to set, stays 
DIAGONAL HOLDER for 114” x 134” put. Rigid, high-strength aluminum construction, 
x V4 elliptical or rectangular rust. Parts machined to close tolerances for smooth 
mirrors or 14%“ prism. (Specify trouble-free operation. Designed for itior 
diagonal and tube size) For 7” accessories. Extra-long bear ngs and 
Gineret TUNE ows cc cane cocoa 76" precise control. Sturdy, cast-aluminu 
1 cree a aah bp + ae fixed position, close easily for carrying. 
144" EYEPIECE HOLDER .......... A - 
SETTING CIRCLES 1” to 2” bore. EQUATORIAL MOUNT Heavy-duty 
(Specify shaft diameter) Per pair 12.75 “ clamp, axle bearings, rotating base, tri 
COMPLETE PARTS and _ instructions channel legs, and extra pier top are 
for building the 6°’ Cleveland, ex- Axles are 114” ground and polished 
Cent ONCOL PAIS... 6-6 snc e00« 129.75 f.o.b. ire 512” long. Large-area brakes 
gE PYREX MIRROR f 8 1 10 wave, aluminum alloy adjusting knobs Brass 
parabolic, beryllium coated, with at all friction points. Knurled knobs 
matching 1/10 wave, 1.25’ x 1.77" in V groove in tripod top, release fe 
OWGOURE cohcicdiécacctucuccee. 67.50 ppd. permanent pier. Latitude is adju 
tude bolt, leg bolts, nuts 
Add 3% sales tax on Ohio orders. Weight 23 Ibs 
SETTING CIRCLES 5” cast alumi. 
num with machined faces. 14”-wide scales 
are matte-white aluminum with large, 
legible figures and accurate black gradua- 
tions. 1” to 2” bore. Specify shaft size 
6” MIRROR CELL Solid plate pro- 
tects mirror. Ring housing reduces convec- 
tion currents. Improved clips hold mirror 
without pressure. Shockproof, cushioned 








CLEVELAND 


i a: 








adju astments prevent vibration, 
in collimation. No springs. 


duchinid for 7” O.D. tube. 


DIAGONAL HOLDER Fully adi 


able, shockproof design. One turn 
mirror position 0.050”. Three 
justments give you perfect control 
ror angle, make collimating easy 
for 114 x 13% elliptical or recta 


rors, or 114” prisms, tubes 
Specify mirror type, size, and 
when ordering. 


1%” EYEPIECE HOLDER 


threaded seeped sleeve accurately 
chined, cast-aluminum housing gives 
smooth, micrometer-sharp focusing 


turn moves eyepiece 0.125”. 
one moving part. 


ASTRONOMICS 


March, 


yu set it. Only 


keep mirror 


Cast aluminum, 


screw 









Stays where 
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SPECIAL: Complete Parts 
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and Instructions 
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U.S. SURPLUS BARGAINS 


IN HIGH-QUALITY OPTICAL PARTS AND EQUIPMENT 


BAUSCH & LOMB f/6 
AERO-TESSAR LENS 


Focal length 24”. Com 
pletely mounted with iris 
and shutter. Excellent for 
wide-field telescope All 
in excellent condition 


Price $25.00 





WIDE-ANGLE ERFLE EYEPIECE 
(68° FIELD) 


achromatic 
1-13/16” 


lenses 
aperture. 


Coated optics, 3 
14%,” focal length, 


Price $12.50 








16-mm. AERIAL GUN 
CAMERA, MODEL AN-N6 
Takes 


mm 


standard 16 
magazine load 
(50’). Operates at 
16, 32, or 64 trames 
per second. Complete 
with Wollensak Type 
V lens, 1%” (35 
mm.) £/3.5 
lent condition. 
ates on 24-volt 


Price $29.95 


METAL PARABOLOIDAL MIRROR 


These are made of hastelloy hard metal 
12” diameter. 5%,” focal length. Manu 
factured by Bausch & Lomb. Approx. 
weight, 31% Ibs. Brand-new condition 


Price $10.00 each 


” 





7 X 50 BINOCULAR ERECTING 
PRISM 


This is complete prism assembly 
which consists of two porro prisms 
fastened to a prism shelf. Used to 
give optical systems an erect image. 
Aperture is 1” with coated lenses. 


Price $2.50 each 





BAUSCH & LOMB 
f/8 TELEPHOTO LENS 


Coated lenses. Focal length 
36”. Completely mounted 
with iris and shutter. Ap 
prox. weight 25 lbs. Excel- 


lent condition. Price $49.50 





8-POWER WIDE-FIELD ELBOW TELESCOPE 





COATED LENSES 


Field of 
Eye lens diameter 
i built-in filters 
rr 
1%”, width 6% 
Ibs. Excellent 


view 8° 45’. Large focusing Erfle eyepiece 
2-1/16” with diopter scale +2 - 

clear, neutral, red, amber. Length 
, height 74”, weight approx. 91 


unused condition. Price $39.50 


” 


8-POWER ELBOW TELESCOPE 


objective; Kellner eyepiece; Amici erecting prism; 
i built-in filters; reticle illumination; field is 6° (325 
tt. at 1,000 yds.) The focusing 28-mm. eyepiece al 
infinity. Weight 5 Ibs 
These were used by the government 
for antiaircraft. Government 


over $200.00. Price $12.50 


lows focus from 15 ft. to 


i= A 






cost 


5” SCHMIDT 
ULTRA-HIGH-SPEED 
OBJECTIVE LENS SYSTEM 


Eastman Kodak infrared re 
ceiver, formerly known = as 
U. S. Navy Metascope, Type 
B. 7” long with 5” Schmidt 
ultra-high-speed objective lens 





(approx. £/0.5). Elaborate 

optical system, many coated lenses. Uses two pen 
light batteries Government cost, approx. $300.00 
Factory-new Shipping wt. 9 Ibs. Price $19.95 
Waterproof carrying case extra. Shipping wt., 3 Ibs. 


Price $3.00 


NAVY INFRARED RECEIVER, Ya 
TYPE C-3 oi 


image from 
infrared image in complete 
darkness. For seeing in dark 
with infrared light source. 
Nothing to wear out. Operates 
on two flashlight batteries. Has 
high-voltage power supply and 
image tube (1P25) and_ eiaborate 


Produces visible 





system. 


optical 
Weighs only 614 pounds and is only 11” long, 8” 


” 


high, 54” wide. Manufactured by R. C. A. Objective 
f/0.9 Schmidt system, 2.4” focal length, 314” aperture. 
Excellent condition, with waterproof carrying case. 


Price $35.00 





INFRARED FILTERS 
534” diam. x 14” thick. Price $2.95 


VARIABLE-SPEED BALL DISK INTEGRATORS (All shafts ball-bearing supported) 


No. 145. 





Forward and reverse 2! 
diam., 3g” long. Output shaft 15/64” diam. x 15/32” long. Control shaft 11/32 


5-0-2144. 


x 3@” long. Cast-aluminum construction. Approx. size 3” x 3” x 


Input shaft spline gear 12 teeth 9/32” 


5” x 234". Price $17.50 


No. 146. Forward and reverse 4-0-4. Input shaft 5/16” diam. x 34” long. Output 
shaft 15/64” diam. x 9/16” long. Control shaft 


11/64” diam. x 11/16” long. 
" y Al 


Cast-aluminum construction. Approx. size 444” x 4144” x 4”. Price $18.50 each. 


Send full amount with order. All prices net f.o.b. Pasadena, Calif. 


No C.0.D.’s, please. 


2176 East Colorado St. 


C&H SALES CO. oie ts 
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NEW BOOKS RECEIVED 


fF ERNROHRMONTIERU NGEN UNDIHRE SCHUTZ- 


BAUTEN FUR STERNFREUNDE, Anton Staus, 
1959, UNI-Druck, Amalienstr. 85, Munich 
13, W. Germany. 67 pages. DM 8. 


Telescope Mountings and Their Shelters 
for Amateur Astronomers contains complete 
directions for making four telescope mounts, 
suitable for refractors of 2- to 6-inch aper- 
Instruc- 
tions in German are provided for the erection 


ture, or reflectors of similar weight. 


of small observatories with sliding roofs, and 
There 


are numerous illustrations, and a pocket in- 


pyramidal and semispherical domes. 


side the front cover contains dozens of large 
folded sheets of detailed plans. 


THe Ocean oF Atr, David I. Blumenstock, 
1959, Rutgers University Press. 457 pages. 
$6.75. 

An American meteorologist tells in easy-to- 
read language how the earth’s atmosphere 
and weather affect man’s activities in many 
Some of the described 

forecasting. rainfall 
radioactive fallout. 


ways. aspects are 


weather control, and 


agriculture, and 


ARABISCHE STERNNAMEN IN Europa, Paul 
Kunitzsch, 1959. Verlag Otto Harrassowitz, 
Taunusstr. 5, Wiesbaden, W. Germany. 240 
pages. DM 28, paper bound. 

Star Names in Europe 
detailed histories of the names of over 200 
tracing their changes over the cen- 
their 
critical notes and bibliographies are features 
of the text, which is in German. 


Arabic contains 
stars, 


turies to present forms. Extensive 


SELENE, Rubens de Azevedo, 1959, Edicoes 
Pincar Ltda., Caixa Postal 5391, Sao Paulo. 
Brazil. 144 pages. 150 
bound. 


cruzeiros, paper 
This well-illustrated book about the moon. 
written by a Brazilian amateur observer, is 
similar in level and scope to the shorter 
works by Patrick Moore and H. P. Wil':ins. 
Many drawings accompany the text, which 
is in the Portuzuese language. 
THe Osserver’s HANpBook 1960, Ruth J. 
Northcott, editor, 1959, Royal Astronomical 
Society of Canada, 252 College St., Toronto 


2B, Ontario. 87 pages. 75 cents, paper 
bound. 
This is the 52nd annual edition of this 


valuable aid for the amateur astronomer. It 
contains monthly listings of phenomena, in- 
cluding data on the sun, moon, planets, 
Jupiter’s satellites, and meteor showers for 
1960. Tables for the rising and setting times 
of the sun and moon are given, as well as 
variable star and occultation predictions. 
There are compilations of information on 
double stars, clusters, nebulae, and galaxies 
suitable for amateur observing. The 286 
stars brighter than magnitude 3.55 are listed, 
with their colors, spectral types, motions, 
distances, and absolute magnitudes. 


INTRODUCTION TO THE MECHANICS OF THE 
SoLtar System, Rudolf Kurth, 1959, Per- 
gamon. 177 pages. $6.50. 

A University of Manchester astronomer 
here presents the fundamental principles of 
celestial mechanics on the advanced under- 
graduate level. Vector notation has been 
used extensively. 


MAN’s REACH INTO SpAcE, Roy A. Gallant, 
1959, Garden City Books. 152 pages. $3.50. 

The biological problems man faces in his 
attempts to leave the earth are described in 
this well-illustrated book for teen-agers. 





Tinsley enters the 
standard design field 


with this rugged, 


precise 12-inch telescope 






Here is a new instrument of traditional Tinsley quality at a cost far 
below that of a custom telescope. It is ideally suited to astronomy clubs, 
schools and advanced amateurs. Specifications: 12-inch aperture. Casse- 
grain optical system. Primary mirror focal length 48'’. Secondary ampli- 
fication 4; total effective focal length 192’’. Eyepiece image lies 16’’ 
behind reflecting surface of primary mirror. Overall tube length 43’’, plus 
focusing assembly. Tube is easily removable from mounting. @ Eyepiece 
focusing assembly: rack-and-pinion type, extremely rugged and adaptable 
for cameras and accessories. ® Mounting: has positive clamps for decli- 
nation and right ascension. Motor driven in right ascension to a precise 
sidereal rate. Additional motor control for fast rate is 5 times the sidereal 


rate. Manual declination with anti-backlash. Setting circles are large and 


“Se 


ie 


i Ni a. ’ 
a eS sr 


yom 


precision engraved. @ Provides for precise orientation of polar axis. 
@ Optical surfaces: accurate to % wave length or better. Reflecting LABORATORIES, INC. 
surfaces aluminized and have a protective overcoating. Refracting sur- 
faces have low-reflection coating. © Equipped with a finder of 10 power. 
® Mounted on a steel pedestal. ¢ Address inquiries to Tinsley Laboratories, 


Inc., Telescope Department, 2526 Grove Street, Berkeley 4, California. 
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3-inch 
Astronomical 
Reflector 


60 to 180 Power 
An Unusual Buy! 





Assembled ready to use! See Saturn’s rings, the 
planet Mars, huge craters on the moon, star clusters 
moons of Jupiter, double stars, nebulae, and galaxies! 
Equatorial-type mounting with locks on both axes 


Aluminized and over-coated 3”-diameter f/10 primary 


Telescope comes equipped with 


mirror, ventilated cell 
i 60x eyepiece and a mounted Barlow lens, giving you 
0 to 180 power. A finder telescope, always so essen 
tial, included. Sturdy, hardwood, portable tripod 
FREE with Scope: Valuable STAR 
CHART plus 272-page ‘‘HANDBOOK 
OF THE HEAVENS” plus the book 
“HOW TO USE YOUR TELESCOPE.” 
I Sa NIN c0555 spice biiet sivencntsscensabbiee $29.95 ppd. 


OFFSPRING OF SCIENCE . . . REALLY BEAUTIFUL! 
CIRCULAR DIFFRACTION- 
GRATING EARRINGS 
AND CUFF LINKS 


A Dazzling Rainbow of Color! 


As a scientific phenomenon, a con 





versation piece, and fascinating per 
sonal accessory, this new kind of 
jewelry is capturing attention every 
where Shimmering rainbows of gemlike color in 
earrings and links of exquisite beauty made 


cuff lin ! 
with CIRCULAR DIFFRACTION-GRATING REP 


LICA Just as a prism breaks up light into its 
full range of individual colors, so does the diffraction 
rating Promises to become a rage in current fashion 


Earrings (clip style 
Tax Incl. $2.75 ppd. 
Tax Incl. $2.75 ppd. 


Stock +30,349-Y 


Stock #30,350-Y. .Cuff Links 


Just Arrived! 
STANDARD 4-mm. ORTHOSCOPIC EYEPIECE 


Ihese are best for extremely high 
magnification (300 power wit! i 
i8”-f.1. objective) You get a 
wide, flat field ilmost 3 times 
as much field as a Ramsden of 
the same power excellent color 
correction and definition. Preci 


sion made of brass, chrome plated and black enameled. 
is dead-black anodized with anti-glare shield 


Mibkeieeasesasae Only $14.50 ppd. 


Inside 


Stock 2+30,364-Y 


WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner eyepiece, type 3. 
Iwo achromats, focal length 28 
mm., eye relief 22 mm. An ex 
tension added, O.D. 1”, stand 
ird for most types of telescopes. 
Gov't. cost $26.50 


Stock ##5223-Y........ $7.95 ppd. 


Rack & Pinion Eyepiece Mounts 


Real rack-and-pinion focusing 
with variable tension adjust 
ment; tube accommodates stand- 
ard 144,” eyepieces and acces- 
sory equipment; lightweight 
aluminum body casting (not 
cast iron); focusing tube and 


rack of chrome-plated brass; 
body finished in black wrinkle 
paint. No. 50,077-Y is for re 
flecting telescopes, has focus 


travel of over 2”, and is made 
to fit any diameter or type tub 
ing by attaching through smal! 
holes in the base. Nos. 
50,103-Y and 50,108-Y are for 
refractors and have focus travel 
of over 4”. Will fit our 27%” 
I.D. and our 3%” LD. aiumi 
num tubes, respectively. 





For Reflectors 


Stock 350,077-Y..(less diagonal holder). . 
Stock 360,049-Y..(diagonal holder only).... 


. -$8.50 ppd. 
1.00 ppd. 


For Refractors 


Stock #50,103-Y. .(for 27/3” 
Stock #50,108-Y. .(for 37” 


1.D. tubing)....12.95 ppd. 
1.D. tubing)....13.95 ppd. 


NEW BINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Shots 
Will fit any camera. 


Bring distant objects 

times nearer with a 35-mm. 
camera, 7 x 50 binocular, 
and our NEW BINOCU 


LAR-TO-CAMERA HOLD 
ER. Ideal for photograph 
ing the constellations, star 
clusters, the moon, as well 
as cloud formations, wild- 
life, vistas. Camera and binocular attach easily. 
Use any binocular or monocular any camera, still 
or movie. Take color or black-and-white. Attractive 
gray crinkle and bright chrome finish, 10” long. Full 
directions for making telephotos included 


PEE RIE sock c ae tic des beeenee $11.50 ppd. 





Take Pictures Through 
Your Telescope with the EDMUND 
CAMERA HOLDER for TELESCOPES 


Bracket attaches perma 
nently to your reflecting 
or refracting telescope. 


Removable rod with ad 
justable bracket holds 
your camera over scope’s 
eyepiece and you're ready 
to take exciting pictures 
of the moon. You can 
also take terrestrial tele 
photo shots of distant 
objects. Opens up new 
fields of picture taking! 





SUN PROJECTION 
SCREEN INCLUDED 


White metal screen is easily at 
tached to holder and placed be 
hind eyepiece Point scope at 
sun, move screen to focus 
and you can see sunspots! 


All for the low, low price of $9.95 


rod, projection screen, screws, 
brackets black crinkle 





Includes brackets, 283/,” 
and directions. Aluminum... 
painted. 


SS ee a re $9.95 ppd. 


PRISM STAR DIAGONAL 


For comfortable viewing of 
the stars near the zenith 
or high overhead with re 
fracting _ telescopes using 
standard size (14%4” O.D.) 
eyepieces, or you can make 
an adapter for substandard 
refractors. Contains an excel 
lent high-quality aluminized 
right-angle prism. The tubes 
are satin chrome-plated brass. 
Body is black wrinkle cast 
aluminum. Optical path of 
the system is about 314”. 


REN GEIOIOTIN «oi. 0o5 sass cosns lose ooe $12.00 ppd. 


AMICI PRISM STAR DIAGONAL 


Same as above except contains Amici roof prism in- 
stead of usual right-angle prism. Thus your image 
is correct as to right and left, making it excellent for 
terrestrial viewing. 


Stock ROOKIE <. ovonsiscccdssccxsaeee $12.00 ppd. 


ASTRO COMPASS and STAR FINDER 
Gov't. Cost $75 — Price $14.95 ppd. 


~ Determines positions of stars quickly. 
Shows various celestial co-ordinates. 
An extremely useful star finder which 
cafe be rotated through 60° angles 
along calibrated degree scale. Has 
single eye lens with viewing stop, 
two spirit levels for aligning, tangent 
screw with scale for fine precision 
readings, azimuth scale graduated in 
two-degree intervals, adjustable tilt- 
ing azimuth scale for angle reference 

“ of stars on distant objects. War 
surplus. Gov't. cost $75.00. Instruc- 

tions, carrying case included. 


Stock GP70000-Y ..< 6.5 ou scecsavect Only $14.95 ppd. 
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NOW! LENS ERECTOR FOR TERRESTRIAL 
VIEWING WITH YOUR REFLECTOR 


This new Edmund development adds real convenience 
to viewing objects on the earth. Just put the lens 
erector in your eyepiece holder, insert eyepiece, and 
focus normally. You see everything right side up and 
correct as to left and right. Made of polished chrome- 
finish brass telescoping tubing that will fit any 
standard 11,” eyepiece holder. Tubing is 914” long 
ind slides 3” into eyepiece holder. Erecting system 
consists of two coated achromats. 


STC, ae ee $9.95 ppd. 


TELESCOPE ROLL-FILM CAMERA 


This model uses rolls of 
#127 film. Picture area 
will be a circle 1-9/16” 
in diameter. 

The advantage of this 
model is the ease of using 
roll film. With each camera 

A you get a piece of ground 
glass. Before loading film 
in the camera, you focus 

the telescope. Then lock it in this position. For 
positions other than infinity, you can scribe a mark 
on your tube. 


Steck IO IRON 5 c.6- 6 oisses'oa oondesonass $29.50 ppd. 


SHEET-FILM CAMERA 


Uses sheet film 244,” x 31,” size. 
3” % 4” 9 5”. 


RINE: STI AMD 6c eecirnasas ees ese $39.50 ppd. 


Camera box size is 


SALE! TERRIFIC WAR-SURPLUS BARGAINS! 
AERIAL CAMERA LENSES 


Big variety . . . at a fraction of 
Gov't. cost! f/6, 24” f.1., with 
diaphragm and lens cone. Used. 
Weight 25 Ibs. 

Steck #85,059-Y. .$39.50 f.0.b. Utah 


Same as above, but new. Weight 
25 Ibs. 
Stock #85,060-Y . .$59.50 f.o.b. Utah 


f/8, 40” f.1., no mount or shutter. 





Weight 614, Ibs. 
OER MPN ION 552555 5,05 clea s cineca qin omnes sie $49.50 ppd. 


f/5.6, 20” f.1., telephoto with shutter and diaphragm. 
Weight 614 Ibs. 

DRUM oh sis sisieeve.ncovaseeacapen $65.00 ppd. 
£/4.5, 634” f.1., with shutter and diaphragm. Weight 
1 Ib., 6 ozs. 

POE aU AMY 65 oi6 cs been daenswcaeanee $24.50 ppd. 
These lenses are being successfully used for wide- 
aperture Moonwatch telescopes to see the small and 
fainter satellites. For eyepiece use our GIANT ERFLE. 


6X FINDER 
TELESCOPE 





focus by 
Base fits any 
advantage. Has 3 
centering screws for aligning with main telescope. 20- 


Has crosshairs for exact locating. You 
sliding objective mount in and out. 
diameter tube an important 


Weighs less than pound. 


mm.-diameter objective. 


a en) ee ee are $8.00 ppd. 


STANDARD 1%” EYEPIECE HOLDER 





Here is an economical plastic slide- 
focus eyepiece holder for 114” O.D. 
eyepieces. Unit includes 3”-long 
chrome-plated tube into which your 
eyepiece fits for focusing. Diagonal 
holder in illustration is extra and 
is not included. 


Stock +60,067-Y......... $2.50 ppd. 


EDMUND SCIENTIFIC CoO. 
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DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 


Rays * PRIMARY FOCUS 


FROM — 
PRIMARY 





SINGLE _ 
ELEMENT 
BARLCW— 


EYEPIECE 
}+—__—— P —a 
}—____—__—__——_- Q ~ 


WHAT IS A BARLOW? A Barlow lens is a negative 


lens used to increase the power of a telescope with 
out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 
is placed the distance P inside the primary focus 
of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power of the tele- 


scope times the quotient of P divided into Q. 





Beautiful chrome mount. We now have our Barlow 
lens mounted in chrome-plated brass tubing, with 
special spacer rings that enable you easily to vary 
the power by sliding split rings out one end and 
placing them in other end. Comes to you ready to 
use. Just slide our mounted lens into your 1Y,” I.D. 
tubing, then slide your 1144” O.D. eyepieces into our 
chrome-plated tubing. Two pieces provided, one for 


regular focal length eyepieces and one for short focal 
length Barlow lens is nonachromatic. 


Stock 230,200-Y...Mounted Barlow lens... 


ones. 


$8.00 ppd. 


UNMOUNTED 3X BARLOW LENS 


These lenses are made for telescopes that have smaller 


diameter eyepieces than the standard 114,” size. Mount 
one between the eyepiece and objective, and _ triple 
your power. Instructions included. Single-element 
lens, focal length 1-5/16”, unmounted. 

Steck #00, 104-¥. .. .0.932” diam... .....<:. $3.50 ppd. 
Stock $£30,326-¥....0.912" diam........... $2.50 ppd. 


3X ADJUSTABLE-DIAMETER 
BARLOW LENS 


For telescopes with 
smaller than the standard 114 
outer-diameter size. Prongs on 


mount can be opened or closed 


eyepieces 





to fit tubes from 13/16” to 1” 
outer diameter. Directions for 
using included. 

Stock #30,339-Y...... $5.00 ppd. 


MORE POWER FROM YOUR 
JAPANESE TELESCOPES 


Mounted Barlow for Japanese Telescopes 
single-element lens in the eyepiece 


By inserting this 
and putting your regu 


end of your Japanese telescope, 


lar eyepiece in the end of the Barlow tube, you can 
increase your telescope’s power up to three times. 
Thus, instead of 60x, you will get 120x or 180x. 


Barlow is mounted in two pieces of telescoping brass 
tubing each 4” long, satin chrome plated on the out- 
side. Inner diameter of large tube and outer diameter 
of small tube are 0.965”, the standard size for most 
Japanese telescopes. Measure yours before ordering. 
0.965” is approximately 31/32” or 24.5 mm. 


SACK FRa ee es Sic sentcak measaceansers $6.00 ppd. 


8” SETTING-CIRCLE SET 
Stock #50,133-Y..Complete set $3.00 ppd. 
Stock #60,078-Y. .360° declination circle only $1.60 ppd. 
Stock #60,079-Y. .24-hour right-ascension circle only 


$1.60 ppd. 
534” SETTING-CIRCLE SET 
Stock #50,190-Y. .Complete set ........... $2.50 ppd. 


Stock #60,080-Y . .360° declination circle only $1.35 ppd. 


Stock #60,081-Y. .24-hour right-ascension circle only 
$1.35 ppd. 


ORDER BY STOCK NUMBER 


ye a a Ce 


SPECIAL SALE OF OPTICAL PERISCOPES 





We 
war-surplus bargain. It is a 
over $200.00 worth of optics in it for only $18.00 postpaid. 


Edmund 
with 


another famous 
tank pe riscope 


so here is 
$500.00 


made a lucky buy, 


and and out of the 











At one spot, you look through see up 
prisms at unit power; or you can look through the built-in 
telescope system and see a wide-angle view at 6x. Simply 
remove the top prism and you have an 11°.3 6-power satel 
lite telescope. Brand new in original package Over-all 
size is 14” long by 7” wide by 214” deep 
Now just for the bit of work involved in disassembling 
vou get a treasure-trove of precision optical parts for o 
$18.00. Glance at this list of parts and you II realize wi 
a value we are offering. You get a wide-angle Erfle eye- 
piece with a full 68° field and 114” focal length. This is 
the same eyepiece used in Moonwatch telescopes, our Stock 
; No. 5160. Also included are a 38-mm.-diam. collimator 
lens, 131-mm. focal length; 48-mm.-diam., mounted. coated objective lens, 189-mm. f.|.; prism cluster contair 
ing two light flint glass right-angle prisms (A, 41 mm.; B, 91 mm.; C, 64 mm.; and A. 41 mm.; B, 57 mn 
C, 40 mm.); two mounted right-angle prisms (A. 23 mm.; B, 34 mm.; C, 23 mm.; and A, 40 mm.; B, 42 mr 
C, 30 mm.); two silvered tank — (A, 102 mm.: B, 53 mm.; C, 38 mm.; and A, 167 mm.; B, 69 m1 
C, 49 mm.). (See our catalog for explanation of these prism sizes.) Also some other optical elements and 
reticles. Every amateur will rad this a real value. Don't wait order today. The last time we had these 
they sold for $30.00 now on sale at only $18.00. 
Stock #70, aa7-¥ Guashoag vaxuasonentdeastandoucccanaraseaseuvuvassuadsveyavervecdessanessss skausavi vss dancevseretaadsentaatiacdeitaaaaiaianee $18.00 ppd. 


abc MOUNT and TRIPOD 
with CLOCK DRIVE 


Heavy-duty mount. Drive operates 
on 110-volt, 60-cycle, a.c. house 
current. Follows motion of stars 
smoothly. 32” tripod legs in- 
cluded. 

Stock 285,081-Y....$76.50 f.o.b. 
Barrington, N. J. 
without 
or smaller re 


Same mount as above, 
clock drive, for 8” 
flectors and for 4” or smaller refractors. | 
Stock 2+85,023-Y..... New Low Price..... $39.50 f.o.b. 
Barrington, N. J. 





WAR-SURPLUS! AMERICAN-MADE! 
' 7x50 BINOCULARS 


Brand new! Crys 
7 power. 


Big savings! 
tal-clear viewing 
Every optical element is coated. 
An excellent night glass 

the size recommended for satel- 
lite viewing. Individual eye 
focus. Exit pupil 7 mm. Ap- 
prox. field at 1,000 yds. is 
376 ft. Carrying case included. 
American normally $195. Our war-sur- 
plus price saves you real money. 

DOO FCG 659 5658s we cwbetieicees Only $55.00 ppd. 
(Tax included) 


D-STIX Construction Kits 


Shape Your Ideas Fast! 
executives, planners, de- 
all find D-STIX simplify 
and demonstration of 
complex ideas. D-STIX colored 
wood sticks 14” thick and “‘easy-on”’ 
rubber joints approx. 3/16” diam. 
help you work out molecular struc 
geometric figures, structural members, shapes, 
scientific apparatus. Used by professional 
hobbyists. Big basic kit contains 230 
Additional parts in supplementary kit. 





x 50's cost 


Scientists, 
signers 
visualization 





tures, 
models of 


men, educators, 
or 370 pieces. 


Far superior to other kits of wood or metal. Money- 
back guarantee. 

Stock 270,209-Y....(230 pieces)........... $3.00 ppd. 
Stock #70,210-Y. . er DENGUE TS cas Sune es $5.00 ppd. 
Stock #70,211-Y....(452 pieces)........... $7.00 ppd. 


Mounted Ramsden Eyepieces 
Standard 114’ Diameter 


Our economy model, standard- 
size (14,” O.D.) eyepiece. We 
mounted two excellent quality 
plano-convex lenses in black 
anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise 





you. Directions for using short ae length eyepieces 
are included with both the 44” and 4” models. 
Stock +30,204-Y..... VY" focal length..... $4.75 ppd. 
Stock #30,203-Y.....1 Y2"’ focal length..... $4.50 ppd. 
“MAKE-YOUR-OWN” 41/4” MIRROR KIT 

The same fine mirror as used in our telescopes, 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 

Steel AGEs 5 coc c cscs cscevswccisses $16.25 ppd. 


SEND CHECK OR MONEY ORDER . 
* 


GIANT ERFLE EYEPIECE 


Here is an_ exciting bargain. 
We obtained a large lot of these 
evepieces reasonably so down 








goes the price to $9.95. Lens 
system contains 3 coated achro 
mats over 2” in diameter. Gov't 
cost over $100.00. Brand new, 
weight 2 pounds The value 
will double when this lot is all 
sold, and triple and quadruple 
as years pass. Their wide apparent field is 65 The 
focal length is 1144”. Lenses are in a metal cell witl 
spiral threads; focusing adapter with 32 threads pet 
inch is included; diameter is 2-11/16”. You can make 
some super-duper finders with these evepieces. They 


are also ideal for rich-field telescopes, which are becom 
ing More popu daily, particularly in 


SUGGS ION oo ieee eivicea cues ones 





space age 


.$9.95 ppd. 


Attention! For Beginners, Junior 
Astronomy Clubs, Boy and Girl Scouts, 
Camp Groups, School Science Clubs 


MAKE 8-POWER ASTRONOMICAL 
TELESCOPE 
with Low-Cost Beginner's Kit! 


Every boy and girl of today 
dreams of being a part of 
the exploration of outer 
space. That desire makes 
building his own telescope 
a real thrill. Now anyone 
of Cub Scout or Brownie 
ige on up can make his 
own astronomical 8-power 
telescope in one evening, 
without tools or machinery. 
tive group project for scouts, 


© * 





Here is an ideal, attrac 
junior astronomy clubs 


or similar groups. (See special quantity prices.) Scope 
is powerful enough to show craters of the moon, 
Jupiter's satellites, and many stars not visible to the 
naked eye. Kit includes objective lens, field lens, eye 
lens, glare stops, kraftboard yoy cadmium-plated 
metal ferrules, and other parts to build an ”-long, 
14/,”-diameter telescope of 8 power. 

SUG SIF ib ke hevsdvataedockacceess $3.00 ppd. 

SPECIAL QUANTITY PRICES 

SG: SEZ BOs ss BD WG cscs cies ce $12.50 ppd. 
Saet: SIO BSG... 10 RNG sci6 cc ciecccces $22.50 ppd. 





BE SURE TO GET 
FREE CATALOG “Y” 
128 Pages! Over 1000 siletaticiin 


rarely before 
lenses, prisms, 


Fantastic variety 
have so many 
optical instruments, and compo- 
nents been offered from one 
source. Probably the greatest 
assembly of bargains in all 
America. Imported! War Sur- 
plus! Hundreds of other hard- 
to-get optical items. Many sci- 
ence and math learning and 
teaching aids. 

Write for Free Catalog 
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EASY PAYMENT PLAN AVAILABLE! 
DETAILS WITH CATALOG 


SATISFACTION GUARANTEED! 


JERSEY 
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Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 


Ellipse 1.25" x 1.77" $12.00 
Ellipse 1.5" x 2.12" $15.00 
Pyrex diagonals, 1/8-wave accuracy 
Ellipse 1.25" x 1.77" $ 6.00 
Ellipse 1.5" x 2.12" $ 9.00 


Without aluminum coating, deduct $1.00. 


Send for our complete list of supplies, 4 
suartz mirrors, blanks, oculars 
yatings, and accessories. 


E & W OPTICAL CO. 


2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 











THE ASTRONOMER KIT 


A complete telescope mirror making kit. 
% FOUCAULT TESTER, in its entirety, with light 
source, knife-edge, measuring scale 
PYREX MIRROR BLANK 
% NEW, NONVITREOUS TOOL, 
more accurate 
SEVEN ABRASIVES for greater safety and speed 
CERIUM OXIDE for fast, clean polishing 
SPECIAL OPTICAL PITCH to minimize danger of 
turned-down edge 
MAGNIFYING LENS, essential in mirror grinding 
% DETAILED, ILLUSTRATED INSTRUCTIONS, ‘Mirror 
Making in the Kitchen’’ 
(Starred items exclusive with The Astronomer Kit) 
TN Unv's 64640 6600524060008 $15.00 ppd. 
44-inch. ..$11.50 ppd.; 8-inch. ..$22.50 ppd. 
Foucault tester only.............. $ 6.00 ppd. 


Money-back guarantee. Write for catalogue. 


ASTRONOMY, inc. 
Suite 305, American National Bank Bldg. 
Denver 2, Colorado 


faster, smoother, 














Optron Solar Filters 


The OPTRON SOLAR FILTER is a precision, optical 
quality glass window, mirrored on one surface to 
reflect most of the sun’s abundant light before it 
gets into your telescope and can harm any of the 
optical elements, including, of course, your eye. 

With an OPTRON SOLAR FILTER you can look at 


observe its changing features 
(sunspots, granulations, rotation) in the same way 
as you look at the moon or planets safely, com- 
fortably, and with the full resolving power of the 
filter aperture. 

Permanently mounted in an attractive anodized 
aluminum cell with a generous flange for easy 


the sun directly 


attachment to your own telescope adapter. Three 
popular sizes are available from stock having 
clear apertures of 21/2, 3 and 4 inches. Priced 


within the range of every amateur observer, yet 
manufactured to a tolerance of precision which 
matches your objective. An OFTRON SOLAR FILTER 
lets you observe the most important member of the 
solar system, and enjoy the use of your telescope 
more than ever before in the daytime. 

2V2"', $13.50; 3°’, $21.50; 4°, $32.50 


Larger sizes made on request. 


OPTRON LABORATORY 


Box 25, D.V. Station, Dayton 6, Ohio 
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GLEANINGS FOR ATM’s 


CONDUCTED BY ROBERT 


A 20-INCH REFLECTOR BUILT 


‘i pe ATTAIN FULLY the _ potentiali- 
ties of a large instrument like the 
20-inch Newtonian-Cassegrainian reflector 


drive mechanism 
month, much 


whose mounting and 
described here last 


devoted to designing and 


were 
care must be 
constructing the supporting system for the 
primary mirror. 

The outer mirror-cell casing is a spun- 
copper pan lined with fiberglass wool for 
thermal insulation. Inside of this is 
placed the main cell casting of aluminum, 
which is shown in the photograph op- 
posite holding a ~~ dummy mirror 
20” in diameter and 3)” thick. The ad- 
justing screws and lock nuts of the radial 
counterweight system are seen around the 
outside of this casting. 

A top view of the interior of the casting 
(below) clearly shows the 12 counter- 
weighted levers that support the radial 
component of the mirror’s weight, as well 
as 12 of the flotation support system’s 18 
pads. These are connected by a series of 
triangular supports and levers in such a 
way that the axial component of the 
mirror’s weight is always automatically 
and evenly distributed. 

Set temporarily on the right-hand edge 
of the casting are sample parts of the 
radial and axial pads, designed so they 
transmit pressure along their length but 
This is to permit freedom 
(without slipping) 


not sideways. 


of mirror movement 


. COX 
BRAZIL — II 





The Newtonian diagonal holder for 
the 20-inch telescope. All pictures 
with this article are the author’s. 


at right angles to the surface of each pres- 
sure pad. Thus, the axial supports offer 
no restraint in a radial direction, while 
the radial supports (around the mirror’s 
periphery) do not restrain the axial com- 
ponent of the mirror’s motion. 

Yo achieve this, each nonrestraint pad 
consists of a pair of hardened ground steel 
separated by a steel ball, the 
held together with 


buttons, 


three parts being 








The 20-inch mirror cell, showing the levers around the inside wall that sup- 
port the radial component of the mirror’s weight, and the flotation support 


system (on the bottom of the cell) that bears the axial component. 


Jutting 


in from the sides, over the ribs in the base, are the three mirror-locating studs. 








A side view of the mirror cell, with the plastic dummy mirror in place. Be- 
neath the rim are seen the fastenings that hold the radial pads to the side of 


the cell. 


an enclosing spring. A lead cap on the 
end of this assembly comes in contact 
with the mirror. Supports with large caps 
are used in the radial system, but unfor- 
tunately none of these were in place when 
the photograph was taken. They screw 
into the small hole at the top of each of 
the 12 lever systems, the other end of 
the lever carrying one of the lead counter- 
weights, which here as_ black 
truncated cones. 

Spaced 120° apart, three mirror-locating 
studs jut out from the edge of the casting. 
The tubular Cassegrainian mask or light 
shield bolts onto the round metal piece 
that is seen inserted in the center of the 
casting. The whiffletrees (one of three is 
that axial support 


appear 


visible) carry the 


The small holes in the rim are for the bolts to the main tube. 


spiders are equipped with threaded bush- 
leveling and collimating the 
mirror. Around the rim of the casting 
are holes for bolting the mirror cell to 
the main telescope tube. 

A set of six wedge-shaped cover plates, 
located immediately above the mirror in 
the central barrel of the main tube, forms 
a mirror cover when the instrument is not 
in use. They are operated by a hand lever 
extending through the central barrel. 

A large part of the time spent in 
building this telescope was applied to 
developing the grinding and_ polishing 
machine. All its parts were specially 
made. It had pulleys of various sizes, so 
a number of rotation speeds could be ob- 
tained. The spindle carrying the grind- 


ings for 





The grinding and polishing machine with the 20-inch blank in place. The 
blank turns at 14 r.p.m., the far eccentric crankshaft at 4.6, and the near one at 
28 r.p.m. The throw of the crankshafts is adjustable from zero to Py’. 








6” TELESCOPE 
TUBES 


Same as used for the past 
20 years with our Ross Stel- 


larscope without a_ single 
failure 
Extra-thick wall gives 


rigidity and prevents heat 
conduction. 7” inside di- 
ameter by 65” long with 
%” wall. Spiral  chip- 
board tube. Inside has 
smooth, dull black, nonre- 
flecting coating. Brown 
leatherette exterior. A 134” 
hole punched (free) for 
your eyepiece attachment. 
ONLY $9.50 per tube 
Add $1.50 for 
Tube shipped via 


collect. 


HARRY ROSS — Telescopicals 
59-61-63 Reade St., New York 7, N. Y. 


packing. 
express 














+4+4+4+4+4+++DELUXE PYREX+444+44+4+ 
Reflecting Telescope Kits 


Our kits have PYREX mirror blank, PYREX 
tool the same thickness, ample supply of optical 
quality abrasives, fast-polishing cerium oxide, 
red rouge and pitch. Packed in metal cans. 


Size Thickness Price 
4%" i $ 6.00 
“ Lies $10.50 
8” TW" $18.75 
10” 1%4" $33.65 
1242" 24%" $59.95 


ADD POSTAGE: Ist and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 
10%; Sth and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. 

Send for free of supplies, 


and refracting telescopes. 


catalog 


accessories, 


ASHDOWNE BROS. 


18450 Grand River Detroit 23, Michigan 
49 4444444444446444644644464444464 





PARABOLIC PYREX 
MIRRORS 


Diam. Focal Length Price 
6” 48” $39.95 postpaid 
8” 18” 58.95 postpaid 
10” > pa 109.90 postpaid 


These mirrors are accurate to 4% wave length 
or better and are free of defects including 
chips, scratches, and pits. Aluminized reflec- 
tive coating is protected with quartz over- 
coating. We invite you to test and compare 
these with mirrors selling for-more. Returnable 
within 15 days if not pleased. 


OVERSTOCKED 


114”-minor-axis elliptical diagonals, alumi- 
nized and quartz over-coated. Made of extra- 
thick fine-annealed pyrex. Flat to ' wave or 


better and free of any defects. While they 

last. Only $5.95 each, postpaid 
MOUNTED BARLOW LENS 

This is a simple 


special lens that 
fits neatly into 





your 114” focuser 
and takes any 
14,” O.D. eye- 
piece. Easily 


doubles or triples power of your present tele- 
scope. No adapters or adjustments necessary 
$7.50 postpaid 
diam. 


$3.00 postpaid 


BAUSCH & LOMB RED ROUGE 
This comes only in factory-sealed cans and 
is highly recommended for those who want the 
best. Prompt shipment from stock. 

Packed 5-lb. can, $8.00 postpaid 


WANTED TO BUY: Surplus or discontinued 
lots of lenses, eyepieces, objectives, and the 


like. 


Unmounted Barlow lens, 114” 


Write for free catalog 


NYE OPTICAL CO. 


2100 Cherry Ave., Long Beach 6, Calif 
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© 910-mm. focal length © 76.2-mm. clear aperture ® Micromotion controls for declination and 
right ascens'‘on @ Resolving power 1.6 seconds of arc 


Truly superior quality 

Objective lens is 79-mm., hard-coated, 
Focal length 910 mm., focal ratio f/12, 
152x, 101x, 73x, 45x, 35x, 


View finder has 42-mm. 
will accommodate 


bot) declination and 


positioning while viewing 
Accessories 
screen, 
EXPRESS ONLY 


F-384 


extendable 


include 3 


sunglasses, 
field tripod with chain br 


INSTRUMENT DIVISION For Research Equipment 


3” Equatorial Refractor 


advanced design 


1.6’ clear aperture 
various eyepieces. 


right ascension 


Contr 


ce, 


optically and mechanically suitable for serious research. 
air-spaced Fraunhofer achromat with clear aperture of 76.2 mm. (3°’). 
resolving power 
plus 25x through finder. 
objective, 


Focusing by means of microprecise rack-and-pinion drive. 
500-mm. focal length, rack-and-pinion focusing, and 
Oversized equatdrial mount ‘--yres stability and smooth action. Finely 
calibrated hour and declination circles for répid finding and set* yg. Micromotion controls and clamps for 
fs fitted with flexibse shafts and oversized knobs for ease of 
White enameled, ajuminum body tube for maximum strength with minimum weight. 
aera Te star diagonals, sun diagonal, erecting prism, sun projecting 

accessory shelf, wooden cabinet. Shipping wt. 60 Ibs. VIA 


.00 Down 





1.6 seconds. 7 coated eyepieces providing 227x, 


pi Sebastnanta pep enetesoonsabonbleestotesinesueexises Net 189.00 








3” Equatorial Refractor 


© Ultra-precise helicoid focusing ® 76.2-mm. clear aperture © 7 coated eyepieces ® Most ad- 
vanced equatorial mount 


The finest 3’’ refractor true research quality within the price range of the serious amateur. Incorpo- 
rating a 79-mm. hard-coated air-spaced Fraunhofer achromat of 910-mm. focal length, with a full 3’ clear 
aperture, f/12, and resolving power of 1.6 seconds of arc. 7 coated eyepieces provide 227x, 152x, 101x, 
73x, 35x, 18x, and 25x through finder. Helicoid focusing the finest available —- by means of a massive 
wheel and ultra-fine helical gear. Finder scope, with rack-and-pinion focusing, features a 1.6’’-clear-aperture 
objective of 500-mm. focal length. Provides for interchangeable eyepieces. Equatorial mount of massive 
construction and advanced design incorporates finely calibrated hour and declination circles. Micromotion 
controls with extended flexible shafts and compression locks on all axes. Accessories include 3 sunglasses, 
moonglass, sun diagonal, 2 star diagonals, sun projection screen, erecting prism, heavy extendable field 
tripod, brace, accessory shelf, separate wooden cases for telescope and mount. Shipping wt. 100 Ibs. VIA EX- 
PRESS ONLY. 


WOME se husieh ivug baisuis bas hedsenauashsabendoesvasterines vee BRIM AUIOD exis sonnssussaxacesstusnovntavesissseoccmeenttriotenne? Net 269.50 





LAFAYETTE 14” TRANSPARENT CELESTIAL GLOBE 






Designed by Dr. H. Hirose 
and Mr. Manabe of the 
Tokyo Astronomical Observatory 





165-08 LIBERTY AVE. 
JAMAICA 33, N.Y. 
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% Basic Aid for Students and Teachers of Astronomy 
% Navigation + Aeronautics + Astronautics 


FIRST TIME UNDER $100.00 


AVAILABLE ONLY THROUGH LAFAYETTE 
IN THE UNITED STATES, CANADA, AND MEXICO 


yy : % Adjustable satellite orbits 4 Satellites travel around earth automatically 


% Adjustable sun and moon > Adjustable lunar orbital inclination + 80 
' constellations — including all stars of Ist, 2nd, 3rd, and 4th magnitudes 
% Similar devices used by the Navy — Air Force — Marine Corps 


A true ‘mechanical universe.’’ Designed for and dedicated to those who recognize the challenge and adventure 
that lie on the frontiers of space. The concept of the celestial sphere is the most convenient means of illustrating 
and discussing the common motions of the stars and the individual motions of the members of the solar system. 
It offers an easily used and easily understood working model of our universe. An invaluable aid in visualizing 
and identifying the stars and constellations and their relationship to each other, to terrestrial positions, and 
to times and dates. Permits an understanding of explorations in time and space beyond the earth’s atmosphere. 

The celestial sphere may be defined as a sphere of infinite radius with its center located at the center of the 
earth. The system of geocentric co-ordinates will illustrate the true geographic zeniths of the sun and stars at 
any time on any day. Most systems of astronomical spherical co-ordinates, such as the equatorial, galactic, ecliptic, 
which are based on the celestial sphere, rotate with the sphere. The apparent contra-rotation of the stars, actually 
due to the earth rotating about an axis, is clearly demonstrated in this well-made device. 


The sphere shows how the sky will appear at any hour on any date — from any point on earth. With it 
you can tell time by the stars learn to tell time by the sky clearly illustrate and help solve navigational 
Traces the orbits of man-made satellites and finds their overhead positions. Serves as a superb star 


problems. t 
chart. Sun and moon positioned by external controls. Artificial satellites automatically circle around the terrestrial 


globe. The various stars, constellations and their identifications are permanently molded — not printed -— on the 


celestial sphere. : ; ; 
The celestial globe is 14° in diameter, with the terrestrial globe centered within. Equipped with horizon 


ring — time ring — fixed meridian ring swinging meridian ring — sun and moon pointers fixed ecliptic - 
detachable “planet’’ indicators universal base and complete instructions. Shipping wt. 15 Ibs. 
MD: ocvcccvnsbsccscaccsoessessconescccreensonnsbsenncoscbnoneath OD I ssi ocnceicksicessinseesisvnr nti tscespematasameass Net 59.50 
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Optician Abram Szulc ready for work on the refractor lens elements. The 
blanks are mounted on the turntables in the right foreground, and the tools 
on the jigs at the left. In the background is the Foucault testing apparatus. 


ing and polishing tools could be placed 
in any position along the oscillating 
bridge. ‘The tool spindle could move up 
and down freely in the spindle bearing, 
while the tool itself swiveled freely on 
the spindle. Lead disks on the upper end 
provided any desired loading of the tool. 

My collaborator, A. Szulc, has an ex- 
ceptional knowledge of optics. He and 
I realized from the start that telescopes 
can be no better than their optical ele- 
ments. We sought to make up for our 
lack of actual experience with such a large 
mirror by a lavish expenditure of time 
and patience. ‘This was necessary for the 
8-inch refractor as well, for that is a 
fair-sized astronomical instrument and 
four surfaces had to be ground, polished, 





Parts of the grinding machine. The 

tall pieces are the crankshafts, the 

small ones their support quills. These 

are just a few of more than 50 castings 

made for the grinding machine and 
the two telescopes. 


and figured to produce the achromatic 


lens. 


The two-element objective is air spaced 
to provide the best correction for aberra- 
tions. The objective cell is in two parts, 
one rigidly affixed to the refractor’s tube. 
The other carries the two glass elements, 
supported on three lead pads that are in- 











BRANDON OCULARS 





These orthoscopic oculars are the 
choice of the amateur, as well as the pro- 
fessional astronomer. Seven sizes avail- 
able: 4-mm., 6-mm., 8-mm., 12-mm., 
16-mm., 24-mm., and 32-mm. focal 
lengths. Standard 114” outside diameter. 

$15.95 each 


Brandon Oculars may be purchased at — 

Cave Optical Co., 4137 E. Anaheim 
St., Long Beach 4, Calif. 

American Lens and Photo Co., 5700 
Northwest Highway, Chicago 30, Ill. 

Optron Laboratory, Box 25, D.V. Sta- 
tion, Dayton 6, Ohio 

Adler Planetarium, 900 E. Achsah Bond 
Dr., Chicago 5, Ill. 

Polaris Telescopic Shop, 14319 Michi- 
gan Ave., Dearborn, Mich. 

or order direct. We will ship airmail. 


AVAILABLE SOON 


A complete 4” refractor telescope 
with all accessories. Write for 


details. 
LIBRASCOPE P. R. 
Guaynabo Puerto Rico 


Formerly BRANDON INSTRUMENTS 











Magnusson Telescopes and Accessories 


% Mountings as low as $29.00 and $59.00. 
% Low-priced clock drives and other accessories. 
Parts are sold separately. Write for prices. 


SETTING CIRCLES 


Made of choice aluminum or brass, 
machined and polished all over. 
Hour circles, machine-scribed with 
hour, half-hour, and five-minute 
marks. Declination circles scribed 
in degrees 0-90-0-90. - Numbers 
stamped with 14” dies. Holes 
reamed standard sizes. State sizes. 





Big 


Aluminum Brass 
5” circles, set Of TWO .ccccisiccsece . 51) ) Sen $19.50 
6” Cixcles, S68. OF 060 secceccezecses 9) See $22.10 
8” circles, set: O8 WO cccccsccssses- 97 |) ) Sees $31.20 


14570 West 52nd Ave. 
Arvada, Colorado 


O. MAGNUSSON 

















GARTH ACCESSORIES 


TRIGARTH TURRET Holds three standard 114” O.D. 
eyepieces. -95 ppd. 
RACK AND PINION — Machined from solid aluminum 
castings. Main tube, 134” long; sliding tube, 2”; 
total movement, 334”. Takes standard 114” eyepieces. 
Gray or black crackle finish. $15.95 ppd. 
(Both Turret and Rack and Pinion as illustrated at 
left, $31.90 ppd.) 

WIDE-ANGLE RAMSDEN EYEPIECES — Precision made, 
standard 144” O.D. Three sizes: 14”, 1”, and 1” 


E.F.L. ~ $7.00 each, ppd. 


MIRROR CELLS Light sturdy aluminum. Spring-adjusted 
to absorb shocks. Cut away for ventilation. 


6, $7.00; 8, $11.50; 10’, $35.00; ppd. 


ELLIPTICAL DIAGONAL HOLDER — Accurately machined 
from solid brass to fit 1144” minor-axis elliptical diagonal. 
Fully adjustable for rotational and longitudinal movement. 


10.00 ppd. P 


Satisfaction guaranteed. Write for free catalog. FR oh RT EY 


GARTH OPTICAL CO. | spfsticia 1, moss. 
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The Newtonian ocular stage in two views. Its outer side (left) carries two large brackets to accommodate the finder. On 
its inner side (right) is the ladder chain that drives the movable plates along the optical axis by means of four threaded 
pillars. The four eye brackets are for mounting the apparatus at the upper end of the telescope tube. 


dependently adjustable in a_ direction 
transverse to the axis of the cell. Because 
this inner part of the cell is supported at 
only three points, it can be tilted slightly 
with respect to the outer one, permitting 
perfect alignment of the lens. An ocular 
stage similar to those used in the main 
instrument is mounted on the lower end 
of the refractor’s duralumin tube. 

Special ocular stages are provided at 
both the Newtonian and Cassegrainian 
foci to permit the use of eyepieces or 
photographic plates with precision con- 
trol of focusing and guiding. Each stage 
consists of three plates, one serving as the 
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base and two that can be moved. Four 
threaded pillars allow the outer two stages 
to be moved in and out along the optical 
axis of the telescope. This is accomplished 
by means of an endless ladder chain 
passing around sprocket wheels on the 
pillars and a pair of knurled focusing 
knobs under the base plate. The upper 
movable plate may also be rotated and 
moved horizontally in two directions, so 
a guide star just outside the area being 
photographed may be used, and fine guid- 
ing may be done by moving the plate- 
holder itself. 

My personal effort during this project 


included all the mechanical design of the 
telescope itself, plus the clock drive, 
grinding machine, tooling and testing ap- 
paratus, and auxiliary equipment. It was 
necessary to produce complete design 
drawings of every part, to fabricate more 
than 50 foundry patterns, and carry out 
a large amount of machine work. 

This “amateur” project was professional 
in its approach, even going beyond the 
standards of most commercial manufac- 
turers, for they could not justify so large 
an expenditure of engineering time, nor 
pass its cost along to the customer. Ma- 
terials alone cost more than $4,000 for 








ASTROLA PRESENTS THE NEW 
12%" TRANSPORTABLE 


American Made — Available Nationally on Time Payments 


We take pride in introducing our new 12/2” ASTROLA Trans- 
portable Reflector, incorporating all the advantages of a large 
research observatory instrument with true portability. A lifetime 
of serious research observing may be done with this telescope, 
which has a limiting magnitude of 15.6 and resolution under 0.4 
second of arc. 


This instrument incorporates the finest heavy-duty clock drive, 
electric declination slow motions brought to the observer’s hand 
at the eyepiece, 8’-diameter setting circles, smoothest fully ro- 
tating tube, large 10x finder, very large combined rack-and-pinion 
and helical eyepiece focuser to accommodate 2’-outside-diameter 
oculars with 114” adapter for standard oculars. Five Brandon 
oculars, giving 60x, 100x, 250x, 375x, 500x, are standard equip- 
ment, or four oculars and our new Barlow lens. Delivery, six to 
seven weeks. Full price, including packing and crating (f.o.b. 
Long Beach), $1,150.00 


OTHER ASTROLA REFLECTORS 
6” Student, f/7 to f/9. .$194.50 


NEW ALUMINIZED MIRRORS 
AND DIAGONALS 


Standard De Luxe Wie casa sloeceta sees es $60.00 
ae $325.00. ..... $500.00 Bes cia sp oowwebemere we $92.50 
aa $390.00...... $590.00 MAES sc sine aiueie ain vane $160.00 

sacs $495.00...... $750.00 BN vin Kasco ceewsteey $250.00 


California residents add 4% sales tax. 


SEND FOR OUR NEW COMPLETE 
1960 COLOR CATALOGUE. 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St., Long Beach 4, Calif. 
Phone: GEneva 4-2613 
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MOUNTED AIR-SPACED 
TELESCOPE OBJECTIVES 


31%” (clear) DIAMETER 


1/1548” focal length | CORTED 932.00 
4g" (clear) DIAMETER 
£/15—62” focal length { UNCOATED ae 





“THOSE WHO KNOW” BUY FROM US BECAUSE: 
Each lens is thoroughly tested and guaranteed to re- 


solve to Dawes’ limit. They are corrected for the C 
and F lines (secondary chromatic aberration). The 
zonal spherical aberration and the chromatic variation 
of spherical aberration are negligible. The cells are 
machined to close tolerances so that they fit directly 
over or into our standard aluminum tubing, elimi- 
nating any mounting problems. Test a lens, or have 
any qualified person test it; we are certain that you 
will be satisfied. If not, take advantage of our 
money-back guarantee. We offer the lowest priced, 
hand-corrected, precision, American-made astronomical 
objective, mounted in an aluminum cell. Our repu- 
tation for high-quality lenses has established us as 
the most reliable source in the industry. 














NEW! 6” LENSES 


AIR-SPACED TELESCOPE OBJECTIVES 
6” (clear) DIAMETER 


Hard-coated on 4 surfaces 


m ; MOUNTED ..............$175.00 
f/10—60” focal length, UNMOUNTED ..... 150.00 
a { MOUNTED .............$175.00 
#/15—90” focal length \ iNMOUNTED 5000 





Mounted Eyepieces 


The buy of a lifetime at a great sav- 
ing. Perfect war-surplus lenses set in 








black-anodized standard aluminum 

14” O.D. mounts. 
Fk. TYPE PRICE 
6mm. (14”) TRO ERCO ss 5 siccaeiveddecdecccconstassreuae $ 4.75 
12.5 mm. (14”) Ramsden ...... . 4.50 
12.5 mm. (14”) Symmetrical ............0.20 . 6,00 
16 mm. (54”) Erfle (wide-angle) . 12.50 
16 mm. (4 ”) TEMMSIEE 4 cciassstvecaceusvace :. .. 12.50 
18 mm. (3/,”) Symmetrical ................... . 6.00 
22 mm. (27/32”) Kellner mere . 6.00 
27 mm. (1-1/16”) Kellner pestaes . 4.50 
32 mm. (114”) Orthoscopic .... . 12.50 
35 mm. (132”) Symmetrical 8.00 
SOM. (25/067): TRG Ce a. osc ccsicsesesscssarsssnsannscsce 6.00 
56 mm. (214”) SSUNIMNSIGED aa iaccscccscscesccianccocone 6.00 


COATED LENSES 75 cents extra. 


“Giant” Wide-Angle Eyepieces 





ERFLE EYEPIECE (65° field) 
contains 3 coated achromats. 1144” 
E.F.L., clear aperture 2144”. Has a 
focusing mount with diopter scale. 
Will make an_ excellent 35-mm. 
Kodachrome viewer. Magnifies seven 
SERINE. evar pcsaceccrisverteoeccvaerss $12.50 ppd. 
Same as above without diopter scale .................. . $9.95 
1%4”-diam. Adapter for eyepiece above .......... $3.95 


WIDE-ANGLE ERFLE (68° field) 
EYEPIECE. Brand new; coated 114” 





E.F.L. Focusing mount. 3_ perfect 
achromats, 1-13/16” aperture .... $13.50 
1%4”-diam. Adapter for eye- 
WB INO ces ccsacesvatsedcaceseconeveaiesessn $3.95 
WIDE-ANGLE ERFLE 1Y,” E.F.L. Brand new; 
contains Eastman Kodak's rare- “earth oak aperture 
2”: focusing mounts; 65° field ...... . $22.50 
114”-diam. Adapter for eyepiece ABOVE oecssssee $3.95 
AnE ical i 
h Economica Eyepiece 


This mounted eyepiece has two 
magnesium-fluoride coated lenses 29 
mm. in diameter. It is designed to 
give good eye relief. E.F.L., 114”. 
Cell fits 114” tube. 

Coated $5.90 ppd. Not coated 


Rack-&-Pinion Eyepiece Mounts 





$5.25 ppd. 





Here is a wonderful opportunity 
for you to own a most mechani- 
cally perfect Rack-&-Pinion Fo- 
cusing Eyepiece Mount with v ari- 
able tension and adjustment. Will 
accommodate a standard 114” 
The body casting is 


For Reflectors | 


eyepiece, positive or negative. 
made of lightweight aluminum with black-crackle 
paint finish, focusing tube of chrome-plated brass. 


, 


Focusing tube for refractors has a travel oF 4”; 
reflectors 2”, and will fit all size tubing. 


REFRACTOR TYPE for 214” I.D. Tubing $12.95 ppd. 


for 


= - for 3144” I.D. Tubing 12.95 ppd. 
a “for 434” ILD. Tubing 12.95 ppd. 
REFLECTOR TYPE (less diagonal holder) 8.50 ppd. 
DIAGONAL HOLDER 1.00 ppd. 





@ FREE CATALOG © 
“MILLIONS” of lenses, prisms, eyepieces, 
mirrors, binoculars, telescopes, parts and 


accessories. Write today. 











Astronomical Mirrors 


These mirrors are of the highest quality, polished to 


Yy-wave accuracy. They are aluminized, and have a 
silicon-monoxide protective coating. 

Diam. F.L. Postpaid 
Plate Glass 3-3/16” 42” 9.75 
Pyrex 4,” 45” 13.50 
Pyrex 6” 60” 25.00 

e 
Mirror Mount 


Cast aluminum. Holds all 
our mirrors firmly with metal 





clips. Completely adjustable. 
Assembled. 
3-3/16’" Mount fits our 414” tubing... $4.00 ppd. 
44" Mount fits our 5” _ tubing.............. 4.00 ppd. 
6" Mount fits our 7” — tubing.............. 6.50 ppd. 
Prismatic Telescope 
FIVE EYEPIECES 
Power Field at Exit pupil Relative 
1,000 yards diam. Brightness 
15x 122 ft. 5.4 mm 29 
20 122 4.0 16 
30 61 aot t 
40 49 2.0 4 
60 32 1.3 1 
NEW! ee 
80-mm. 


/ Qbijective 


Big 80-mm.-diam. (31%”) 
objective. Use for spotting or 
astronomical viewing. Great 
light-gathering power that 
will pick up faint objects 
even under poor sky condi- 
tions. Will show stars of 
the 11th magnitude — 100 
_ times fainter than the faint- 
\_ est visible to the naked eye. 
N Tripod included. $59.50 ppd. 
60-mm.-diam. Scope. Same as above but with 
smaller objective. Equipped with same five eyepieces 

15x, 20x, 30x, 40x, 60x. With tripod. $42.95 ppd. 


se e e 
Special Coated Objective 
BIG 2%” DIAM. — 40” F.L. — $6.00 
These achromatic objective lenses are tested and have 
the same high quality as ‘‘Big Lenses’ described below, 
except they are seconds for slight edge chips or small 
scratches only. Quality guaranteed. ONLY $6.00 ppd. 











Coated Binoculars 


Beautifully styled imported binoculars. Precision made. 


LOW, LOW PRICES! 





American Type ““Zeiss’’ Type 
Complete with carrying case and straps. American type 
offers a superior one-piece frame and clean design. 


Size Field Type Center Ind. 
at 1,000 Focus Focus 
yards 
6x15 360ft. Opera — $12.75 
6x30 395 ‘Zeiss"’ $18.75 16.75 
7x35 341 ‘*Zeiss”’ 20.75 17.95 
7x35 341 American 23.50 —_ 
7x35 578 Wide- Angle 11° 35.00 aa 
7 x 50 372 ““Zeiss’’ 24.95 22.50 
7x50 372 Americ: an 32.50 —_ 
8x30 393 “Zeiss” 21.00 18.25 
10x50 275 ““Zeiss”’ 28.75 26.75 
20 x 50 183 ““Zeiss”’ 33.75 31.75 
All prices above plus 10% Federal tax. 
Monoculars 


Brand new, coated optics, complete 
with pigskin case and neck straps. 


Price Price 
$10.00 $14.75 
11.25 17.50 
12.50 20.00 





8-Power Elbow Telescope 






This M-17 telescope has a brilliant- 
image 48° apparent field — 325 feet 
at 1,000 yards. The telescope can be ‘i } 
adjusted for focusing 15 feet to in- } 
finity. It has a 2” objective, focusing es. “A 


eyepiece 28-mm. focal length, 
wis eo 
8 


tem. Turret-mounted filters: 
clear, red, amber, and neu- 
tral. Lamp housing to illu- 
minate reticle for nighttime 
use. Truly the biggest bar- 
gain you were ever offered. Original Gov't. cost $200. 
Not Coated $13.50 ppd. Coated $17.50 ppd. 


with an Amici erecting sys- 
x 50 


“BIG” ACHROMATIC TELESCOPE OBJECTIVES 


We have the largest selection of diameters and focal lengths in the United States available for immediate 
delivery. These are perfect magnesium-fluoride coated and cemented Gov't. surplus lenses made of finest 


crown and flint optical glass. Not mounted. 


Fully corrected. 


Tremendous resolving power. 


@ We can supply ALUMINUM TUBING AND CELLS for the lenses below. @ 


Diameter Focal Length Each 
54 mm. (214”) 254 mm. (10”) - $12.50 
54 mm. (214”) 300 mm. (11.8”) 12.50 
54 mm. (214”) 330 mm. (13”) 12.50 
54 mm. (21%”) 390 mm. (15.4”) 9.75 
54 mm. (2!.”) 508 mm. (20”) 12.50 
54 mm. (214”) 600 mm. (231)”) 12.50 
54 mm. (214”) 762 mm. (30”) 12.50 
54 mm. (214”) 1016 mm. (40”) 12.50 
54 mm. (21%”) 1270 mm. (50”) 12.50 
78 mm. (3-1/16”) 381 mm. (15”) 21.00 
80 mm. (31%”) 495 mm. (191,”) 28.00 
81 mm. (3-3/16”) 622 mm. (241,”) 22.50 


A. JAEGERS 


691 S Merrick Road 
41 :) tele) Gam, Ae 








Diameter Focal Length Each 
83 mm. (31/,”) 660 mm. (26”) $28.00 
83 mm. (31/,”) 711 mm. (28”) 28.00 
83 mm. (31,”) 762 mm. (30”) 28.00 
83 mm. (31,”) 876 mm. (341,”) 28.00 
83 mm. (31/,”) 1016 mm. (40”) 30.00 
102 mm. (4”) 876 mm. (341,”) 60.00 
108 mm. (41/,”) 914 mm. (36”) 60.00 
110 mm. (434”)* 1069 mm. (42-1/16”) 60.00 
110 mm. (4%4”) 1069 mm. (42-1/16”) 67.00 
128 mm. (5-1/16”) * 628 mm. (243/4,”) 75.00 
128 mm. (5-1/16”) 628 mm. (24%,”) 85.00 
*Not coated 
We pay the POSTAGE in U.S. — C.O.D.’s 


you pay postage. Satisfaction guaranteed 
or money refunded if merchandise is re- 


turned within 30 days. 
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EYEPIECES — CELLS — PRISMS 
BINOCULARS — TUBES 





ORTHOSCOPIC EYEPIECES 
Highest Quality ® Made in U.S.A. 


Special four-element design, with fluo- 
ride-coated lenses, gives a wide flat 
corrected field. Standard 1%” O.D. 
— E.F.L. 6, 8, 12, 16, and 24 mm. 


Postpaid $15.95 
PRECISION 
TRI-TURRET 


Holds 3 standard 114” 
O.D. eyepieces. Smooth 
turn to grooved notch 
aligns eyepiece precise- 
ly, ready to focus for 
various powers. Suitable 
for reflectors or refrac- 
tors. $15.75 

Write today for FREE Catalog. 


PRECISION OPTICAL 
SUPPLY CO. 


1001-T £,163 St., New York 59, N. Y. 




















each of the two identical instruments, and 
more than 18,000 hours of time were re- 
corded, not counting drafting and en- 
gineering design or the long hours in the 


| optical shop. 
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The complete job took almost four 
years, involving all my spare time from 
my regular work as head of a major di- 
vision of the Centro Technico de Aero- 
nautica in Brazil and as consultant to 
three Brazilian airlines. During the last 
10 months of that time I spent, with few 
exceptions, every night, weekend, and all 
of Brazil’s numerous holidays at the task. 
The labor of love developed into an 


At three o'clock in the 
morning, B. H. Young 
operates the polishing 
machine, to get the 
work back on schedule. 
A full-sized tool is be- 
ing used, face-down on 
the mirror, with reduced 
weighting. The faceted 
pattern of the polishing 
lap can be seen through 
the tool. 


PLAN AHEAD FOR BETTER OBSERVING! 





exhausting task that I would not want to 

do again, yet would not want to have 

missed the unique experience of building 
these instruments. 

BRADLEY H. YOUNG 

P. ©, Box 822 

Los Altos, Calif. 





CORRECTION 


On page 217 of last month’s issue, at 
the foot of the finding list of planetaries, 
the Ring nebula should be listed as NGC 
6720, not 6572. This error was pointed 
out by J. Wheeler, Flushing, N. Y., and 


by J. Molnar, Jr., Hellertown, Pa. 





| 
| 
| 


Many ardent observers may have hesitated in the past to have their reflecting tele- 


scopes brought to the needed perfection for planetary and lunar work because of the 
delay involved and the consequent loss of observing time. Some lost time cannot be 
avoided, of course, but here is my plan to minimize this loss, and it enables you to 
realize the full capabilities of your instrument for all the years ahead. 


1. Make a 25% payment toward retouching your mirror. 


2. At such time as I am able to give you rapid service, I will notify you to send 


your mirror and flat. 


3. While your optics are being reworked, you can (if necessary) go ahead with 
other instrumental changes that will benefit the performance of your telescope. Some 
suggestions for this are offered in the booklet, The Reflecting Telescope, which is yours 
for the asking. 


RETOUCHING DEFECTIVE MIRRORS: 60% of new mirror price below. 
NEW 1/20-WAVE PYREX MIRRORS, with 1/10-wave diagonal: 6-inch f/9, $95.00; 
8-inch f/8, $155.00; 10-inch f/8 or £/7, $255.00; 12!4-inch f/8 or f£/7, $395.00. 


Terms: 14 with order, 4% when ready to ship, remainder on arrangement to 6 
months, or 2% discount if paid within 10 days. If full payment is enclosed with order, 
2% may be taken on the full amount. 


fpoee coun. Olle. 


1806 South Park St., Box 2053 
Madison 5, Wisconsin 








QUESTAR GETS A LUCKY 
RIFT IN CLOUDS 


Since cloudy skies obscured the solar 
eclipse of October 2, 1959, in many places 
and hampered most photographic efforts, we 
are publishing this picture of it because it 
shows more detail in the corona than any 
other we have seen so far. 

We can only hope the engraver has heeded 
our note and by extra work has been able to 
capture on his plate some of the many coro- 
nal streamers and lines so plainly visible in 
the photograph. If this fails, or if the press 
is not in prime adjustment as this page gets 
printed, you have only our word for it that 
there was some interesting detail in the co- 
rona. Under the large picture we show three 
prints, in actual size, of the same negative, 
which indicate the size of Questar’s prime 
image on the 35-mm. film. Each print was 
exposed a different number of seconds, which 
may help to show coronal structure. 

The gentleman below is Mr. Dumont Rush, 
an American working in Belgium who took 
his brand-new Questar to the Canary Islands 
(he mentions Tenerife) for this October 2nd 
eclipse. 

Mr. Rush says ruefully, “During totality 
I got no other pictures because of something 
I must have done wrong at the camera. More 
than likely I turned the shutter speed dial 
the wrong way in the dark, so my shutter 
speeds were far too fast. The enclosed shot, 
nearly at the end of totality, was made at 
1/20 second on Adox KB-17 film. The focus 
seems bad. I found it very difficult to get 
sharp focus on an edge of light without fea- 
tures. Clouds covered the sun before the 
eclipse, which prevented me from trying to 
focus on sunspots.” 

Out of focus or not, it seems to us that 
Mr. Rush’s single photograph is better than 
he thinks. We are pleased to note with what 
simplicity Mr. Rush has made an oil drum 
serve as good foundation for his equatorially 
mounted Questar. And we are pleased to 
have him say that “I find the Questar a joy to 
use and a joy to carry. For a small-aperture 
telescope it is very fine indeed and I am not 
in the least tempted by those amateurs who 
advertise for a Questar in exchange for some 
fully equipped larger glass.” 

We note that Mr. Rush has put a padded 
counterweight on the end of his Questar’s 
star chart to balance the considerable weight 
of his M-3 Leica and its reflex housing. This 
is the right way to use a telescope when 
adding heavy auxiliary devices. Balancing 
the load relieves all working parts of strain 
and insures the smoothest motion when 
electric drive is used. 

In designing Questar we tried to take full 
advantage of its very short tube, which over- 
hangs the 4-inch bronze driving wheel by 
only a few inches instead of several feet. 
To make sure it cannot be overloaded, with 
consequent high tooth pressures, we build in 
a slipping clutch. To minimize friction, the 
drive wheel is faced with ultraslippery 
teflon. This is driven by a pinion gear whose 
torque exceeds 1,000 inch-ounces. No won- 
der Questar’s drive is smooth and effortless! 

The superfine Questar still costs only $995 
postpaid. Each one is tested by us on the 
stars at night, and each comes in a beautiful 
velvet-lined fitted leather case made for us 
in Staffordshire, England. Extended payments 
are available and our 32-page illustrated 
booklet is yours upon request. 
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CELESTIAL 


CALENDAR 


Universal time (UT) is used unless otherwise noted. 


OCCULTATION OF ALDEBARAN 


oe the afternoon and evening of 
March 4th, observers all over the 
United States will be able to see the first- 
quarter moon occult Aldebaran. Both 
immersion and emersion will be visible. 
The accompanying diagram shows the 
apparent motion of the star with respgct 
to the moon for several stations in North 
America. 

For observers on the East Coast, the 
event will begin in evening twilight, and 
end with the sky fully dark. Farther west 





Ss 











The apparent motion of Aldebaran 

behind the moon on March 4th, as 

seen from several American and Cana- 

dian stations. The moon’s dark part is 
stippled here. 


the sun will be up, and on the West 
Coast the occultation occurs in midafter- 
noon. However, Aldebaran’s magnitude 
is 1.1, and it should be possible anywhere 
to watch the spectacle with a telescope, 
using the moon to locate the star shortly 
before the immersion. 

For a description of how to time an 
occultation, see page 71 of the December, 
1959, Sky AND TELEscoPrE. That issue also 
contains the 1960 Occultation Supple- 
ment, which shows the geographical lo- 
cations of the standard stations, gives 
exact times and position angles for the 
event, and tells how to derive predictions 
for one’s local station. 

In the following timetable, all events 
take place in the afternoon (p.m.). Im 
indicates immersion or disappearance, 
[E-m, emersion or reappearance. 


Sta. Location Im Em Time 
A Massachusetts 6:41 8:08 EST 
B Montreal 6:38 8:03 EST 
C Washington, 

Do. 6:32 8:02 EST 
D ‘Toronto 6:26 7:56 EST 
F Illinois 4:59 6:33 CST 
G Texas 4:40 6:33 CST 
H Denver 3:32 5:01 MST 
I N.M.-Ariz. 3:17 4:45 MST 
J = Edmonton 4:00 4:42 MST 
K California 207 3:27 Fat 
L Oregon 2:21 83:30 PST 
M_ Vancouver 2:41 3:26 PST 





SKY -GAZERS EXCHANGE 


Classified advertising costs 30 cents a word, including 
address; minimum charge, $4.00 per ad. Only one 
for sale ad per issue for each advertiser. Remittance 
must accompany order. Insertion is guaranteed only 
on copy received by the 20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no re- 
sponsibility for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept., Sky and Telescope, Warvard Observatory, 
Cambridge 38, Mass. 


FOR SALE: De luxe Questar, $800.00. W. A. Estlick, 
143 Willoughby Rd., Shelton, Conn. 


SATURN tie clasp, _ gold-filled on sterling silver, 
shows Cassini division. $4.95, tax included. Jack 
Green, Newark, Tex. 


OPTICIAN WANTED: A person, age 20-45, capable 
in hand and/or machine grinding and polishing of 
astronomical optics is sought for work on mirrors 
of all sizes. He should be familiar with optical 
testing of flats and concave mirrors, though he will 
be supervised and assisted in the final testing. The 
work will be done in the Tucson laboratories of the 
Kitt Peak National Observatory. Write Dr. Aden 
B. Meinel, 1033 N. Park Ave., Tucson, Ariz. 


GIANT German 10x 80 rich-field binoculars, spec- 
tacular Milky Way views, $165.00. Wanted: Back 
issues of Sky and Telescope before 1955. Dick 
Nelson, 18440 Halsted, Northridge, Calif. 


AMATEURS, observatories, manufacturers: 6” and 
8” telescope mirrors, parabolized and_ spherical, 
about f/8 and f/9. Guaranteed better than 1/8 
wave. We specialize in optics only (no extras). H. 
Hunter Large, Optics, 995 N. Franklin St., Potts- 
town, Pa. 


ALUMINUM TUBING: 17 sizes, 1” through 8”. 
Pesco-A, Box 363, Ann Arbor, Mich. 


6” REFLECTOR with heavy equatorial mount. Cash 
and carry at unbelievable $75.00. Vilar Kelly, 
Sleepy Hollow Rd., New Canaan, Conn. 


FOR SALE: 168 issues of Sky and Telescope; Febru- 
ary, 1946, to January, 1960, complete. Best offer 
accepted. George O'Hare, 349-62 St., Brooklyn 20, 
DX 


FOR SALE: 3” Unitron refractor, complete, equatori- 
al mount, eyepieces, 2.4” guide scope, $250.00. 
J. D. Rouse, Rte. 4, Box 144, Brownwood, Tex. 


ALUMINUM TUBING, Japanese refractor accessories. 
Peninsula Scientific, 2421 El Camino Real, Palo 
Alto, Calif. 


TELESCOPE: Brand new. 24x high-quality coated 
lens. Government paid $76.00. Limited supply. 
$9.95. J and M Optical Co., Box 693E, Rome, 
Ns. ¥ 





WANTED: Refractor telescope, 4” or more, equatori- 
al, with reliable drive. Please submit full informa- 
tion. G. Bergman, 6812 Gahona, Allen Park, Mich. 








HAVE Bell and Howell stereo slide projector. Want 
good used telescope. I. S. Preston, Box 570, Hun- 
tington, N. Y. 

WRITE to join our new mailing list. The following 
mirrors are pyrex, unless otherwise stated, and are 
parabolic, ¥% wave, aluminized and quartz over- 
coated. 3” £/10, $8.95; 4144” £/10, $14.95; 414” 
f/10, plate, $9.95; 6” £/8, $49.50; 6” £/10, plate, 
$24.50; 8” £/8, $79.00; 10” £/8, $154.00; 1214” 
£/8, $239.00. Unconditionally guaranteed. Vernon- 
scope and Co., Candor, N. Y. 

8” REFLECTOR, f/9, made by Garth. 10.5-mm. eye- 

piece included. No mount. A telescope for the 

price of a mirror. $98.00 express collect. W. A. 

Connell, 2323 W. Anna St., Grand Island, Neb. 


164-PAGE photographic bargain catalogue, listing 
thousands of photographic bargains. Send 25¢ for 
your copy, credited on first order. Dept. 26-C3, 
Central Camera Co., 230 S. Wabash Ave., Chicago 
4, Ill. 


.4” REFRACTOR, altazimuth, 6x finder, Barlow, 
accessories, $48.00. Ted Wolfe, Apt. L-46, 4212 
Allendorf, Cincinnati, Ohio. 


nN 
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100 fC) 100 
DAYS FROM MAXIMUM 


The mean light curve of T Centauri, 

derived by Leon Campbell from ob- 

servations by members of the Ameri- 

can Association of Variable Star Ob- 
servers (AAVSO). 


T CENTAURI 

ATE NIGHTS in March provide a 

favorable opportunity for skywatchers 
with an unobstructed southern horizon 
to locate the unusual variable star T 
Centauri. Now near maximum light, it 
is bright enough to be found in binocu- 
lars, with the aid of a star atlas such as 
the Skalnate Pleso or Norton’s. 

In an average cycle, T) Centauri varies 
from magnitude 6.1 to 8.0 and back, over 
an interval of 90.60 days. Formerly famed 
as the Mira-type variable of shortest 
known period, this star is described in the 
latest Moscow catalogue as an unusually 
stable semiregular variable. At its bright- 
est maxima it is magnitude 5.5, while 
some minima are as faint as 9.0. 

The variability of TT Centauri was dis- 
covered in May, 1894, by a British ama- 
teur at Gibraltar, Lt. Col. E. E. Markwick. 
He was comparing star maps with the sky, 
using 5-power binoculars in a systematic 
search for new variables, when he noted 
that the star was 1} magnitudes fainter 
than charted. 

This southern variable star reaches 
about the same meridian altitude in Nor- 
folk, Virginia, or Tulsa, Oklahoma, as at 
Gibraltar. Its 1950 co-ordinates are 13" 
38™.9, —33° 21’, about five degrees north- 
west of 2nd-magnitude Theta Centauri. 


VARIABLE STAR MAXIMA 

March 6, R Serpentis, 154615, 6.9; 6, 
T Centauri, 133633, 6.1; 7, R Canum 
Venaticorum, 134440a, 7.7; 9, R Ophiuchi, 
170215, 7.9; 13, T Eridani, 035124, 8.0; 
16, RR Scorpii, 165030, 5.9; 22, R Cancri, 
081112, 6.8; 23, RU Cygni, 213753, 8.0; 
24, R Leonis, 094211, 5.8; 26, RS Herculis, 
171723, 7.9; 28, U Octantis, 131283, 7.9; 
29, S Carinae, 100661, 5.7. 

April 4, R Geminorum, 070122a, 7.1; 
6, RS Scorpii, 164844, 7.0. 


These predictions of variable star maxima are by 
the AAVSO. Only stars are included brighter than 
magnitude 8.0 at an average maximum. Some, but 
not all of them, are nearly as bright as maximum 
two or three weeks before and after the dates for 
their maxima. The data given include, in order, the 
day of the month near which the maximum should 
occur, the star name, the star designation number, 
which gives the rough right ascension (first four fig- 
ures) and declination (bold face if southern), and 
the predicted visual magnitude. 


a a 


owe 








THE SUN, MOON, AND PLANETS THIS MONTH 
The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon’s symbols give its phase roughly, with the date marked alongside. 
Each planet is located for the middle of the month or for other dates shown. 
All positions are for 0° Universal time on the respective dates. 


The sun will be partially eclipsed on 
March 27th for observers in parts of 
\ustralia, the South Pacific Ocean, and 
\ntarctica. Maximum obscuration will be 
70.5 per cent of the sun’s diameter. 

Mercury may be seen low in the west- 
ern sky after sunset the first few days of 
March, but is soon lost in the sun’s glare. 
Inferior conjunction occurs on the 10th, 
after which the planet will be in the 
morning sky, too near the sun to be seen 
readily during the rest of the month. 

On the morning of March 25th, Mer- 
cury will be occulted by the moon for 
observers in the northeastern 
North America. Predictions of this event 
were given in the Occultation Supple- 
ment, December, 1959, issue of Sky AND 
TeLescore. The planet is listed as Z. C. 
4001 in the table. 

Venus is a morning object, rising in the 
southeast about an hour before the sun at 
the beginning of the month. At this time 
its magnitude is —3.3. By the end of 
March, Venus will be lost in the dawn. 

Earth reaches heliocentric longitude 
180° on March 20th at 14:43 Universal 
time. This is the March equinox, when 
spring begins in the Northern Hemi- 
sphere and autumn in the Southern. 

The moon will be totally eclipsed on 
the morning of March 13th, as described 
on page 227 of last month’s issue. Ob- 
servers in North and South America are 
well placed geographically for viewing 
this eclipse. The moon begins to enter 
the umbra of the earth’s shadow at 6:38 
UT, and totality commences 63 minutes 
later. Mid-eclipse is at 8:28, and totality 
ends 47 minutes later. Last umbral con- 
tact occurs at 10:18 UT. 

Mars is a morning object in Capricor- 
nus, rising about 1} hours before sunup, 
but still difficult to find in the south- 
eastern sky. Its magnitude this month 
is +1.4. i 

Jupiter rises about 13 hours after mid- 
night, local time, on March 15th. It is in 


part of 


Sagittarius, about 15° west of Saturn, and 
of magnitude —1.7. A telescope shows its 
flattened disk, 37”.0 in equatorial di- 
ameter. The moon will pass 5° north of 
the giant planet on the morning of March 
20th. Jupiter’s western quadrature oc- 
curs on the 22nd. 

Saturn is in Sagittarius east of Jupiter 
this month, rising three hours before 
the sun in midmonth. It is then at mag- 
nitude +0.8, its telescopic disk 14”.3 in 
diameter. The ring system is 36”.1 in 
extent, and tipped 24°.] to our line of 
sight. On the morning of March 2]st the 
moon will pass 4° north of Saturn. 

Uranus is a 6th-magnitude object in 
western Leo, readily located with the aid 
of the finder chart published on page 191 
of the January issue. The planet is well 
up in the east at sunset and easily viewed 
with field glasses, though a good telescope 
is needed to show the 3”.9 disk. 

Neptune rises about two hours before 
midnight, local time, and is an 8th-mag- 
nitude planet in eastern Libra. On the 
15th it is at right ascension 14" 27™ 
declination —12° 41’ (1950 co-ordinates). 
In larger telescopes it presents a tiny 
greenish disk, 2”.5 across. 

Pluto is in Leo, on March 15th at 10" 
44™.3, +21° 44 (1950). This 15th-mag- 
nitude object is very difficult to identify 
visually except with special charts or 
marked photographs. 

W. H. G. 





MOON PHASES AND DISTANCE 
March _ 5, 11:06 
March 13, 8:26 
March 20, 6:41 
March 27, 7:38 
April 4, 7:05 
Distance Diameter 
2" 251,300 mi. 29’ 33” 
7> 229,800 mi. 32’ 19” 


First quarter 
Full moon 
Last quarter 
New moon 
First quarter 
March 
\pogee 6, 
Perigee 19, 
April 


Apogee 2, 22" 251,400 mi. 29” 32” 


March, 


VENUS 


MERCURY @ 
a \ JUPITER 


URANUS 
PLUTO 


SATURN @ 
NEPTUNE ON 


MINOR PLANET PREDICTIONS 


Iris, 7, 9.8. March 7, 12:56.4 —14-24; 
17, 12:48.6 —13-46; 27, 12:39.6 —12-52 
April 6, 12:30.3 —11-47; 16, 12:21.7 
— 10-37; 26, 12:14.7 —9-30. Opposition 


on March 30. 


Nemausa, 51, 10.3. March 7, 13:10.3 
— 4-46; 17, 13:05.4 —3-07; 27, 12:58.5 
—1-17. April 6, 12:50.6 +0-34; 16, 12:43.0 


+-2-15; 26, 
\pril 4. 
Flora, 8, 9.9. 


12:36.8 +3-36. Opposition on 
March 27, 14:18.6 —4-01. 
\pril 6, 14:10.6 —3-02; 16, 14:01.1 —2-03; 
26, 13:51.0 —1-12. May 6, 13:41.6 —0-34; 
16, 13:33.9 —0-15. Opposition on April 21. 

Vesta, 4, is observable in binoculars dur- 
ing March; see page 254 of last month’s 
issue for predictions. 


After the asteroid’s name are its number and the 
approximate visual magnitude expected at opposition 
At 10-day intervals are given its right ascension and 
declination (1950.0) for 0% Universal time. In each 
case the motion of the asteroid is retrograde. Data 
are supplied by the IAU Minor Planet Center at the 
University of Cincinnati Observatory. 











MINIMA OF ALGOL 

March 3, 0:26; 5, 21:15; 8, 18:04; 11, 

1:54: 14, 11:43; 17, 8:32; 20, 5:21; 23 
2:10; 25, 23:00; 28, 19:49; 31, 16:38 

April 3, 13:27; 6, 10:16; 9, 7:06. 

These minima predictions for Algol are based on 
the formula in the 1953 International Supplement of 
the Krakow Observatory. The times given are geo- 
centric; they can be compared directly with observed 
times of the star’s least brightness. 





UNIVERSAL TIME (UT) 


TIMES used in Celestial Calendar are Greenwich 
civil or Universal time, unless otherwise noted. This 
is 24-hour time, from midnight to midnight; times 
greater than 12:00 are p.m. Subtract the following 
hours to convert to standard times in the United 
States: EST. 5; CST, 6; MST, PST, 8. If neces- 
sary, add 24 on to the UT belies subtracting, in 
which case the result is your standard time on the 
day preceding the Greenwich date shown. For ex- 
ample, 6:15 UT on the 15th of the month corresponds 
to 1:15 a.m. EST on the 15th, and to 10:15 p.m 
PST on the 14th. 





Sky and pices Binder 


This dark blue fa 
ing 12 issues of 
$3.50 each, postpaid 
$4.00 in Canada. Y 
stamped for 75¢ extra, 








for 50¢, both for $1.20 
ing clearly. Payment m f 
(Sorry, but no foreign orders accepted.) 


Sky Publishing Corporation 


Harvard Observatory, Cambridge 38, Mass 
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Goto Optical is the oldest and largest 
maker of astronomical telescopes in 
Japan. Backed by our long experience 

and superior technical skill, we special- ; 
ize in large-sized telescopes for both 
amateurs and professionals. We have 
recently gone into production on our 
planetariums, for which inquiries and 
orders have been received from all 
corners of the world. 














EQUATORIAL 
TELESCOPE 


Objective 
Focal length — 3,000 millimeters 
Effective aperture — 200 millimeters 


Magnifications 
— a 50x to 750x 
JA Established in 1926, Japan's oldest and largest firm specializing in astronomical telescopes. 


(GOTO) Catalogues will be sent upon request 
GOTO OPTICAL MFG. CO. cw: 


GOTOPTIC TOKYO 
1-115 Shimmachi, Setagaya-ku, Tokyo, Japan ; 
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spectively; also, at 7 p.m. on April 7th. Highest is Puppis, the Stern of the Ar- 
For other dates, add or subtract } hour gonaut’s ship. Vela the Sails is to the 

The sky as seen from latitudes 30° to per week. east. Farthest south is Carina the Keel, 
50° north, at 9 p.m. and 8 p.m., local Parts of the old constellation Argo visible from the southerly parts of the 


STARS FOR MARCH 


time, on the 7th and 23rd of March, re- Navis are now near the southern horizon. United States. 
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ENGINEERED FOR THE LAST WORD IN BREATHTAKING PERFORMANCE . . . PRICED 
FOR FIRST CHOICE IN VALUE... FULLY EQUIPPED WITH MANY EXTRA FEATURES! 


including . . . @ Electric Drive (Patented) 
@ Setting Circles @ Rotating Rings 


A Complete Instrument, No Costly Accessories Needed! 


You'll marvel at how 
the superb optics of 


this portable RV-6 
>. Model RV-6 Complete 
» with Dyn-O-Matic Electric 


6-inch | . ll = 
DYNASCOPE ~— am >» 194° 


gives the same exquisite definition 
as far more expensive instruments! 


This new addition to the Dynascope line has won immediate recog- 
nition from schools, colleges, and professionals, as an outstanding 
achievement in a 6-inch telescope. Although it was only recently in- 
troduced, our files are already filled with complimentary letters from 
excited amateurs and professionals all over the country. Each one is 
truly amazed at the superior optical performance of this new RV-6 
6-inch Dynascope! Here is large aperture in a quality instrument at 
a price that compares with many 4-inch telescopes. And this low cost 
includes such exclusive extra features as electric drive (patented), setting 
circles, and rotating rings! There are no “extras” to run up your cost! 

The superb optical system resolves difficult objects with definition 
that is absolutely breathtaking. The close tolerance of the precision 
construction assures an accuracy and smoothness of operation once 
associated only with the finest custom models. The heavy-duty mount, 
complete with electric drive, provides the stability so essential for sat- 
isfactory viewing, yet there is easy portability because in a matter of 
minutes the entire telescope can be dismantled into three easy-to-handle 
sections. 

Only Criterion’s engineering ingenuity, coupled with volume pro- 
duction and modern manufacturing methods, makes this handsome 
6-inch model available at such reasonable cost. You can order it 
with complete confidence that it will live up to your expectations in 
every way, for this assurance is guaranteed under our full-refund war- 
ranty. Send your check or money order today. Or use our liberal 
time-payment plan and take months to pay. 


You Could Pay $100 More 
Without Getting All These 


Superior Features (Except on Another Dynascope) 


1. EXQUISITE OPTICAL SYSTEM INCLUDES F/8 6-INCH PARABOLIC PYREX 
MIRROR accurate to better than Ye wave, zircon-quartz coated, and guaran- 
teed to reach all theoretical limits of resolution and definition. Teamed 
with elliptical diagonal, mounted in 4-vane adjustable spider. 


2. NEW DYN-O-MATIC ELECTRIC DRIVE with smooth self-acting clutch that 
engages and disengages automatically as you seek different objects. Will 
not interfere when manual operation is desired. Entire drive housed in 
trim aluminum case. Plugs into ordinary household socket. 


3. CHOICE OF ANY 3 EYEPIECES from the following: 65X-18-mm. Achro- 


matic Ramsden; 100X-12.7-mm. Achromatic Ramsden; 150X-9-mm. Achro- 
matic Ramsden; 220X-6-mm. Orthoscopic; 320X-4-mm. Orthoscopic. All are 





f o.b. Hartford, Conn. 
Shipping Wt. 55 Ibs. 
Express Charges Collect 
































ENJOY IT NOW — ake 


up to 24 months to pay under 
our Easy Terms plan! 


Just a small down payment de- 
livers this big 6-inch DYNA- 
SCOPE. Pay the balance at your 
convenience over 6, 12, 18, or 
even 24 months! Write for de- 
tails, or order today by sending 
your check or money order with 
coupon below. 







Sound too good to be true? 
Then read what these delighted 
DYNASCOPE owners have to say: 


precision-threaded, give sharp images to extreme edges = aon dreamed such a bril- ‘'A friend of mine has a 6- ‘‘Congratulations on the ex- 

; lant, clear image could be inch telescope without electric cellence of your workmanship. 

ee tie ag gran ae a —_ 3 to Bit opped had w ith a telescope costing drive, for which he paid over The optics are truly amazing. 

ne iatitude . —- oy : sa cal under $200. It is one of these $300. He agrees that my I never expected such won- 
' rare bargains that you find new DYNASCOPE not only derful performance.”’ 

5. SETTING CIRCLES for both right ascension and declination. Handsomely only once or twice in a life- outperforms it, but is a much L.H.N. — Massachusetts 


finished in fine aluminum time better-looking and better-built 


B.S. — New Jerse i e lL. — 
6. 6x30 FINDERSCOPE, ACHROMATIC, COATED, with accurate crosshairs a ee 
and fine focus. Durable cast-aluminum bracket with 6 adjusting screws 
allows positive collimation. - — ee  — — — — «sees aoe ow, 
7. ROTATING RINGS FOR MAXIMUM VERSATILITY AND VIEWING COMFORT. I 
Solid-cast, chrome finish, rings are generous 1’ wide with felt lining. 
Newly designed constuction, with over-sized knurled adjusting knobs, 
affords maximum rigidity and allows for quick disassembly and portability, 
with or without tube 
8. STRIKINGLY HANDSOME, WHITE, 50’ BAKELITE TUBE with porcelainized 
Duralite finish, durable yet light. Walls are Vg’ thick, completely insulated 
and anti-reflective blackened inside. 
9. BRASS RACK-AND-PINION EYEPIECE HOLDER has precision-cut rack and 
gear for easier, smoother, more positive focusing. Takes standard 11/4’ 
oculars, negative or positive. 
10. STRONG, VIBRATION-FREE, ALL-METAL TRIPOD with easily removable 
legs. Provides sure, steady support, plus lightweight portability. 


CRITERION MANUFACTURING CO. 
331 Church St., Hartford 1, Conn. 


Manufacturers of Quality Optical Instruments 


Criterion Manufacturing Co. 
Dept. STR-8, 331 Church St., Hartford 1, Conn. | 


[J Please send me, under your MONEY-BACK guarantee, the RV-6, 6” Dyna- 
scope. Full payment of $194.95 is enclosed. | 


(J Send FREE ILLUSTRATED LITERATURE of all the telescopes in the Dynascope | 
line. 


| [J Send complete information describing easy payment plans. 
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Bone es ing 


developing 
for 





tomorrow 





manufacturing for T0 DAY 


Experience has shown that it usually takes from one to five 
years to plan and compiete an observatory project. If you are 
interested in preparing your educational facilities to meet the 
rising demands of the space age, now is the time to begin your 
basic studies, and to find out how an ASTRO-DOME can play 
an important part in your future. Our trained 
staff will be glad to aid you in determining 

the type of dome to fit your requirements. e write for 


Brochure today 


ASTRO-DOME =. MANUFACTURERS OF ASTRONOMICAL OBSERVATORY DOMES 
1801 BROWNLEE AVE. N. E. CANTON 5, OHIO Phone GL. 4-2755 


PRINTED BY WELLESLEY PRESS, INC. 












; Tameyate 
compact, 
lightweight 
traveling 
case ! 


The Unitron 2.4” altazimuth refractor shown here is now packaged in a new, specially 
designed, lighter, more compact carrying case that’s much easier to carry, much thriftier on.trunk 
space when you’re traveling by car. (Weight: just 25 Ibs.) 


But portability is only the second most important feature of this fine instrument. 

The first most important feature of the Unitron 2.4” altazimuth refractor continues to be its 
downright value and upright optical excellence. 

Excellence and value — these are enduring qualities, common to every Unitron sold. The best 
possible proof: Unitron is the largest selling refractor in the world. 





What you'll find inside the new Unitron carrying case: 


Model 114 — complete with altazimuth mounting 
and slow-motion controls for both altitude and azi- 
muth, tripod, 5x-l16mm viewfinder, standard rack 
and pinion mechanism, 4 eyepieces, UNIHEX or 
Star diagonal and erecting prism system, sunglass, 
dewcap, dustcap, instructions. $125 


UNIT? FON INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. — 204-206 MILK STREET, BOSTON 9, MASS. 


SEE PAGES 290 AND 291 FOR MORE ABOUT UNITRON 
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